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ABSTRACT

Data on the plutonium and uranium content of biological and
pnysical samples, collected and isolated from non-nuclear deton~
ations of plutonium bearing weapons under various storage »itud-
tions, are presented, A precision tracer (Pu-236) proceduro was
developed for the rapid analysis of the plutonium, which was non-
uniformly distributed in these samples, A fluorimetric procedure
was developed for the rapid analysis of uranium,

Measurement of the plutonium content was accomplished by
equilibration of tracer with sample plutonium, radiochemical puri~
f{ication, tracer yielding, and alpha pulse-height analysis, This
method ensured 8 high degree of accuracy, high sensitivity, and
freedom from {nterference froin other alpha emitters,.

Over 4, 00 radiobiological, radiochemical, and fluorimetric
analys:s are tabulated. The analyses were performed at Tracerlab’s
western division in three isolated laboratories plus separated count-
ing facilities. Accurate laboratory analys.s of all samples was
achieved with no personnel contamination or cross-contamination
of samples, Procedures for radiochemical analyses, handling of
special problems, techniques of Alpha Pulse Height Analysis, qual-
ity control measures, and additional data based on radiochemical

analysis and radiometric measurements are presented,
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b _ CHAPTER 1
INTRODUCTION

1.1 OBJECTIVE

The objectives of Project 5. 2b (Radiobiological Analysisiwas
to provide accurate laboratory analysis of animsal tissue, bone mater
ial, and metabolism samples for plutonium and uranium cont-nat, Ply~
tonium analyses were performed on all samples and uranium analyses
on approximately ten percent e<cept Clean Slate II, dogs and sheep,

which required uranium analyses on most samples. The uranium anal~

yses were representative of sample and animal types.

The object of Project 5. 3b (Radiochemical and Physiochemical
Analysis) was to provide accurate laboratory analysis of air, deposi-
tion, water, vegetation, sticky wire, and soil samples for piutonium
and uranium content, Plutonium analyses were performed on all sam-~
ples and uranium on approxamately 10 percent, representative of sam-
ole types,

1.2 BACKGROUND

The personnel associated with Pruject 5,2/5.3b did not par-
ticipate in the field phases of operation Roller Coaster. Reference
is given therefore, to other projects for a description of operationa.

events and sample collection for laboratnry &: alyses. The scope of

GAUP
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this project was to provide facilities, services and materials to carry
out the dual objectives listed above.
1.3 FACILITIES

waboratory: The radioblological, raaiochemical, and physio-
cnemical analyses of the field collections for plutonivm and uranium
are one of the prime sources of evalyative data for Froject Roller
Coaster, The samples collected represent individually, and totally,
large sums of moaney and scientific effort. For this reason, analyses
were performed with great care, attention to detail, and utmost pre-
cision. Oanly those techniques which resulted in unequivocal data
were used, Particular attention was given to the problem of cross-
contamination, Two techniques were employed. The first was se-
quential prccessing, starting with low level samples and proceeding
to the nigher level samples , the second involved the physical separa-
tion of high, intermediate, and low level facilities. Both techniques

were used in series. The lowest of high level samples were proces-

. sed initially in the intermediate level facilities. For high level sam-

ples, a special wing of the main laboratory building was employed for
initial separation and aliquoting, followed by processing in the inter-
mediate laboratory, All low level samples were processed in a separ-

ate low level laboratory,

Countina and Caiculations: These facilities were located in

an isolated wing of the building. Advanced counting and calculation
techniques used by Tracerlab for a number of years were employed, De-
:atled procedures are given in the reference.

Each sample for Pu analysis was counted on a 2 ‘H'. methan=a-

12
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talled procedures are given in the reference, )

Each sample for Pu analysis was counted on a Z‘IT' methane-
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dow, internai alpha counter to determine its range of activity. Thus in-
tormation was then used to preset the precision (alpha pulse height
.nalysis) counting time and to prevent mixup of samples, The range of
counts was limited by dilutions to approximately 2,000 cpm, The range
O¢ counts in the original sample was 0 to 108. Counts per minute was

converted to dpm by standard calculation procedures given in the refer-

vaces.,

The technique of accurate alpha pulse height analysis depends on
such factors as: preparation of high quality standards, calibration and
maintenance of the equipment and routine background,and operational
checks of counting instruments. Six Tracerlab Frisch Grid Chambers
were employed for plutonium alpha detection. Three Technical Measure-
ments Corporationmulti-channel analyzers were used for readout, Four
Frisch Grid Chambers were connected to one multi-channel analyzer by
dividing the full range into four quadrants. The Frisch Grid Chambers

were routinely operated in this manner,
The results of the alpha pulse height analysis are presented on

tape. A graphical plot was made of this information where shape and

resolution of alpha peaks were marginal. The various corrections
and factors were applied to the data and the {inal result calculated
as concentration per sample,

A computer program for data tabulation was developed. The
program simplified new data ‘nsertion and provided for printing of
results rapidly and economically. An IBM card punch, located in a
room adjacent to the counting room, was employed for transcribing

1aw data.

13
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Storage: All biological samples were stored in a speclally
built walk-in freezer located in the v level laboratory. The unit
was latge enough to store all the sample freezer boxes with adequate
spacing for easy access, The physical samples were stored in met-
al, office=type file cabinets with fabricated security locks, Mounwed
samples, following analyses,were stored {n locked fila cabinets in
the counting room, Unused portions of saniples were stored on
shelves in a locked stockroom located adjacent to the intermediate
level laboratory,

1.4 SERVICES AND MATERIALS
Services and materials were provided to perform a research

project consisting of plutonium and uranium analysis on the follow-

ing variety of sample matrices:
Casella Impactor Discs
Casella Impactor Filters
Andersen Sampler Discs
Andersen Samplar Filters
Tots: Alr Samples
Total Alr Samples Disposable
Sequential Afr Samples
Balloon Wire Swipes
Water Samples
Vegetation (Sagebrush)
Deposition Samples
Sol. Samhles
Biological Samples

14
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Servicus and materials were provided to assure that resultant
data was most meaning{ul to the requirements of Project Roller
Coaster and that biweekly progress reports giving aucrued results
were submitted to Director, DAXA. This included:

(1)* Use ui new glusswere {or each analysis,

(2)* lsolati_n of pusuonnel and facilities for varying levels
of activity,

(3) Constant monitoring of muffle {urnaces, hoods, work
tables, floors, etc., by trained monitors under supervision of 8
Certified Health Physicist.

(4)* Utilization of Plutonium 2?4 tracer techniques on all
sampies to assurs measurable and accurate yields on all samples.

(5)* Analyses of all plutonium samples by alphs spectro-
sSCopY.

(6)* Complete dl.ssoluuon of each sample prior to purifi=
cation,

(1) Establishment of reagent blanksAless than 0. 1 alpha
dpm + 100% and less than 5 x 10-9 grams for' plutonium and uran-

ium respectively,

(8) Laboratory monitoring of stippled.piates of diszoived
samples as a means of sample separauon. ﬁy at;tiw}ity level and pre-
venting sample mixup.

{9)* Electrodeposition of plutonium on platinum discs as the

final step of the analysis,

* These procedural techniques were stipulated by the Roller Coaster
Radiochemistry Referee Team and were conditions of the contract.

15
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{10) Storage of unused portions of samples and sll mounted
samples for a period of one year or until notification was received
by the Contracting Officer, whichever came first,

(11} Conatinuous Tracerlab staff evaluation monitoring of &

quality control program.

1.5 PERSONNEL

Tracerlab provided all the psrsonnel for the services described
under Section 1,4, These included the following ard their responsi-
bilities:

(1) Evaluation Staff: General conduct of the project, monitor-
ing of the quality control proqram)and review of periodic reporis,

(2) Project Officer (1): Supervision of the project operation,
health and safety standards, review of all data, writing of periodic

reports, liaison with cognizant Roller Coaste. officials.

(3) Radiobiologist (1): Operation of radiobiological labora-

tory and sample accountancy.

{4) Physiochemist (1): Operation of two physiochemical labor-
tories and sample accountancy.

{5} Radioblological Technicians (3): Radiobiological analyses
of physical samples,

(6} Phystiochemical Technicians (3):- Physiochemical analyses
of physical samples,

(7 Uranium Technician (1): Uranium analyses and calcula-

tions.

16
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(R)  Health Physicist (1): Routine monitoring of work areas and

waste materials,

A

{9) Radiometrics Head (1): Review counting and calculations.

{10) Counting Technician (1): CGount plutonium samples,

{11) Calculation Clerks (2} Calculate plutonium counting
data,

{12) Computer Data Clerk (1): Punch and proofread com-~
puter data,

(13) Electronics Technician {1): Maintain counting instru~-

mentation.

17
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CHAPTER 2

PROCEDURES

2.1 SAMPLE INVENTORY

Biological: The samples arrived by government air freight at
the Alameda Air Terminal in Oakland, California,on 20 September 1963,
They were contained ia 12 polyfoam freezer boxes weighing approxi-
mately 50 pounds per box, All the boxes appeared to be in good condi-
tion and a receipt for the same was given to the DASA crurier who had
accompanied the samples from Kirtlan. Air Force Base, Albuquerque,
New Mexico. The boxes were transported to Tracerlab by truck and
placed in the walk-in freezer unit in the low level laboratory, await-
ing inventory instructions from cognizant DASA security peisonnel. On
26 September 1963, the contents were inventoried in the presence of
a DASA smecurity officer, All samplee not clearly marked were re=tEg=
ged and returned to their original containers, A separate log bookwas
established,and the following week a quality control program was ini-
ated. Quadruplicate analyses were run on all reagent materials and a
low level background established. A tracerlab code number was as-
signed each sample.

Physical: The samples were delivered to Tracerlab by Tracerlab’s
Health Physics Qfficer at intervals spanning a three-week period,
starting in mid-October 1963, The samples were contained in

heavy-duty cardboard boxes, doubly wrapped. All boxes appeared

18

CONFIDENTIAL




o be in good condition, The Double Tricks samples arrived first,
ioliowed by Clean Siate I, 1I, and III. The samples were placed in

the combination security files in the intermediate level laboratory
and inventoried in the presence of the Tracerleb Security Officer. A
separate log book was established and a Tracerlab code number as-
signed each sample. All sampies were clearly marked and Identifica-
tion presented no problams, A quality controi program was initiaved
shortly after arrival of the samples, This program was purposelyde-
layed until after final sample inventory to detencine if any contam-
:nation of the laboratory had occurred. Quadruplicate analyses on
reagent materials and laboratory swipes were rut: and a low lavel
background established,

2.2 PROJECTCD ACTIVITY LEVELS

Ziolojical: Based oun the results of TB-57 (Reference 1)*, the major-

ity. of tissuss were expectad (o be low in total plutonium content, The
range would be from almost undetectable to thousands of dpm cf plu=~
tonium 1n the nasal mucosa and GI tract (Table 2.1). Because of the
spread petwean activity levelsJextrome care was taken in the pre-
paration and processing of the low level tissue samples, As far as
the receiving laboratory was concerned, these samples represented no
problem 1n plutonium hancdling. Since activity in & sample might be

distributed unevenlyJ the entire sample was always analyzed.

* (Also, see References 2 through 8.)

18
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TABLE 2.1 SELECTED TG-%7 DATA FOR PLUTONIUM ACTIVITY

- __INDOCS - _
Mean Weight DPM/Gm
Tissue {Grams) Magnitpde DPM/Qrgan
l Spleen 2}. 9 0.1 2.4
Gltract
plus Contants 548, 6 10 $%00
Liver 309.0 0.01 3,1
Lung 76.6 0,5 k1]
Trachea 11.9 1 12
Right Femur 4.7 0,1 3.5
Rib 4.6 1 4.6
Hilar Lymph
Node 0.45 10 4,5
Mediastinal
Lymph Nodes 0,31 10 3.1
Nasal Mucosa Not Analyzed

The levels of uranium at $00, 5000, 7500, and 17,500 feet
animal positions corresponding to the plutonium are, based on extra-
polation from TG-57 data, proportional to the ratio of yranium to

plutonium in the test device. Thus in samples very low in Pu content,

the uranium level was expected to be near the limits of de_te;:tioljx of
the fluorimeter. |
Physical: The sources of plutonium and uranium from the
Roller Coaster tests were soils and various types of collection devices
(surface and airborne), such as filters, impactors, and sticky plates;
all located at various distances from the detonation crater, based on

TG=-57 data, The activity levels were expected to range from 0 to 107

\

-
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drm, Particulates of all sizes wera expected to be in various matrices.,
The plutonium and uranium would vary in chemical composition {rom
metals 10 various alloys, oxides, and salts produced in the heat and
pressure of the explosion. Projected activity levels for various sampie
types are given beiow,

(1) Crater Samples: The crater samples will be extremely
high level with most of the activity near the rarface. In TG-57, 80
square-inch samples were taken to a depth of two feet and sectioned
ini2 1/4 -inch increments. At the surface, this amotated to a milli-
gram of plutonium per 25 grams of soil,

(2) Soil Samples: The samples from soil cores and surface
fallout were spread out over many square miles. Three levels of sur-
face samples {corres ponding to those observed tn TG~57) were con.-
sidered, i.e., 500, 40, and 2.6 pg/M? at distanc: s of 500, 1000,
and 2000 feet,respectively. An 80-square-inch (0. 0515 Mz) surface
sample yields 25, 2, and C,13 ug pluxomum)respacnvely. These
sample sizes were more than ample for uranium fluorescence and
radiochemical anaiysis. Uranium in Nevada soil has been determined,
The levels range from 0.1 to 6.0 ng/g of soll, which regresents an sp-
preciable normal uranium background.

(3) Filter and Impactor Exit Filter Samples: The levels of
fulter activity observed in TG-57 for fallout samples at various dis-
tances were less than one microgram of Pu at 1000 feet and 0, 01
ng at 25, 000 feet,

(4) Sticky Samples: The targets of the various impactor jets

as well as fallout plates employ an alkyd resin surfacing to retain the

21
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particuiates as they ampact or fall out on the surface. The levels of
Pu activity observed on these surfaces were estimated to be of the same
RN

order of magnitude as the air {ilter, or in the case of sticky pistes,
equivalent soil samples.
2.3 SAMPLE PROCESSING

dacdling Technigucs: Advantage was taken of information
locating the {ield position of the sample with respect to ground zero
and the gross alpha counting data supplied with each sample, Sam-~
ples were screened and rough assayed to confirm the accompanying

data. The handling facilities themselves were checked routinely

and blank samples processed to confirm the ambient levels.

As indicated in Table 2.1, the biological samples generally constituted
the lowest level samples and were processed in the low level laboratory.
lowest level samples and were processed in the low level laboratory.
Those biological samples having a probable higher Py content were
processed in an isolated section of the low level laboratory, In con-
trast, the debris samples, potentially several orders of magnitude
higher in plutonium content even ai the 259, 000-{oot distance, were
treated as high level samples and processed separately until their
Pu content was established.

Techniques gained through experience for prevention of cross
contamination and mixing in the laboratory were employad. In par=-
ticular, these techniques included proper recording and marking of
each sample by the analyst at every itage in the process, All re-
agents used in this work were made up fresh in new containers and

designated accordingly. New glassware was used for every analy-
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$1s 1n the spirit of Item 4, of the guidelines supplied in the DASA
RFP 3-63). When mulfle furnaces were employed, each sample was
covered (o remove the possibility of flake out. Hoods, laboratory
suriaces, and other exposed areas were cleaned routinely and moni-
tored for possible alpha contamination. The unused portions of
samples were returned to the original containers wien possible,
checked for proper labeunq)and stored in & locked cabinet until
notification of disposition was received from the contracting officer,
Similarly, both the counting discs and planchets (stored tn individual
envelopes or pillboxes) and the original counting data were retsined
untd notified by the contracting otficer, Blanks, spikes, duplicates,
and aciual standards as required were analyzed and furnished to ref-
erees or the agency designated by DASA,

Security and Accountability: Several means of assuring ade-
quate security and accountability of all biological and physical sam~
ples ware investigated. Tha methods given below offered the most
cf{fective operation,

(1) Biological and physical samples inventoried by two per~
sons 3nd sample numbers initiale.! by each on inventory sheets,

{2) Active Inventory: Biological and physical samples with-
drawn from inventory (by conveniznce, aonvi;y‘ level, and event)
recorded in separate logs, assigned a consecutive Tracericb number,
and initialed by custodian.

{3) Each sample assigned a card at start of analysis, card
initialed by analyst at start of every major step (preparation, tracer

addition, dissolution, and purification).
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{4) Sample card information du; tcated in sample log.

(5) Alter decontamination sample assigned & dats sheet, per-
tinent information entered, and sample transferred to counting room,

(6) Sample recorded and initialed by counting room custodisn
in a spectal counting room log with a consecutive number matching
that in the chemistry log.

&) Sample stored in security file and final calculations pro=
cessed by Tracerlab's normal red dot doublecheck,

{8) Final data reviewed by counting room supervisor, project
officer, and department manager.

(9)  Following final review of the raw data, a tabulation of
all values was made by animal numbers (for biological samples) and
arc location (for physical samples).

Production Operation: The following procedures were cmploye&

to achieve maximum production.

(1) Different analyst azsighed to each phase of the product=-
ion operation on a rotation basis.

(2} Samples prepared for dissolution in batch type operation.

(3)  Tracer added in batch type operation.

(4) Samples solubilized in batch /pe operation.

{5) Sasmples decontaminated in continuous operation (samplesg
were processed by pairs. Thus, it was possible to precipitate, cen-
trifuge, extract, etc., several sets of samples in a continuous oper-

ation eliminating dead time).

(6) Plated samples monitored for approximate yleld.
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(7) Plated samples {nspected and data sheet prepared by

custodian,
o (8) Samples 2°IT counted to estimate requir J alpha pulse
height analysis time and to provide a double check on finalresult,

(9) Production schedulea set for sach analyst and weekly
results posted,

Preparation; The treatmaent of the physical samples varies ac-
cording to the nature of the collection media. These divide into
three types: a heterogeneous mixture of soil and.debris, air and
surface fallout, and resuspended particulates collected on organic
filters acd similar material adhering tc sticky plates, Becausae of
the high levels of plutonium alpha activity expected, all field and
laboratory procedures were reviewed with regard to preventing cross
contamination and preserving the integrity of the samples. The level
of uranium was not hazardous but similar precautions apply.

Thae samples for radlochemical and uranium fluorimetric analysis
were categorized at the time of receipt of the samplas, The samples
were already grouped at the test site. Similar levels of alpha ac~

tivity were handled together and precautions against cross coatamin-
ation were maintained. Because of the relativeiy high lavels of al-
pha activity, some samples wers processed in glove boxes.
All samples were ultimately reduced to the levels required for lab-
oratory operations and stored or processed as scheduling permitted.

Dilutions were made such that no aliquot contained more than 4000

dpm.
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Sample Control: Strict sample control was Instituted in orderto
be sure that samples w« re not misplaced,delayed,or processed with sam~
ples of different activity magnitude. As mentioned earlier, many
samples received for processing contained designations as to cener-
al activity level and sampling location. This information was useful
in routing the sample to the proper dissolution laboratory. Locations
Vi particulate samplers consisting of six-stage Andersen impactors,
five-stage Casella impactors, total air samplers, and sticky cylin~
ders, are given for referencs inFigures A, 2 through A, 8.

Figure A, 1 shows Clean Slate igloo dimensions,

For each lot of samples received, a sample check-off sheet was

initiated containing sample numbers and due dates. It was reprodu~

ced and distributed to the key personnel along the processing route.

These personnel cnecked off the samples as they were processed,
and thus continuous check on sample status was maintaiwned. In ad-
dition, a sample processing card and sheet (mentioned in Section 2,3)
was initiated for each sample., The card contained pertinent chemical
information and followed the sample through dissolution and decoatam-
ination, The processing sheet, in addition to the card information,
contained spaces for recording all data needed to calculate the analy-
tical results, Spaces were provided for sample size, sample aliquots,
tracer aliquots, etc. It also contained sample routing instructions and
followed the sample from decontamination through calculations. A
typical processing sheet is included in Appendix C. When f{inal cal-
culations were completed and reviewed by the project officer, the
data was transcribed to IBM cards for the preparation of a computer report.
26
CONFIDENTIAL

-

~e




Quality Control: In order to maintain high quality standards, the

analytical work of this laboratory was closely contiolled, This con-
trol was maintained in the laboratory and in the counting room,Blank
samples were processed completely through chemistry and counting to
determine if there was any labuiatory contamination, Known pluton~-
iwum samples (standards prepared by adding a Pu-239 spike to a matrix
material similar to those being proccessed) were similarly cycled
through the laboratory to check on procedures and counting geometry
factors. In addition, standard and calibration samples furnished by
DASA referee personnel were processed toassure results of all Roller
Coaster contractor leboratories wers comparable. Beta gamma, and alpha

activities of electrodeposited alpha samples of solutions of pure Pu’® and

mixed Pu'® were cross-counted among Air Force snd AEC laborstories
during the Roller Coaster analyses pariod. Perioc.c hlank samples were also
cross-counted.

The techniques used in maintatning high quality sisudards {ot ur-
anium analysis are specified in the detailed Fluorimetric Determination
Procedure included in Appendix B. Blanks, standard solutions,and
spiked unknowns were analyzed with each batch of 20 samples, A
routine review of the results of all samples processe. was performed
by the project leader or his deiegated assistants. All counting data
was reviewed to asertain that alpha spectrometer runs were good as
to alpha peak resoluticn, that the alpha peaks were properly shaped
without undue tailing of one peak intc the next, and that the base

area of the peak was properly defined. Other aspects of the sample
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run were checked such as adequate chemical yield, clean weight-
less electrodepusits on Pu sample plates, etc. Any discrepancies
were reported to the project leader on the QUALITY CONTROL - SAM-~
PLE DEFICIENCY REPORT form for appropriate action, A copy of this
form is attached in Appendix C,

2.4 GENERAL LABORATCRY METHQODS

Discussion! The material presented in this section describes,
in general, radiochemic;al techniques used by Tracerlab for a number
of years for determining Pu=239 and uranium in various sample types.
In particular, Pu~236 tracer yielding for all pluton’ i enalyses was
emplovad, Radiochemical techniques were such that yields greater
than 60% were generally obtained. Separation of uranium and pluton-
wm was carried out on every sample, Furthermo: . all plutonium sam~
ples were measured by pulse height analysis techniques, with high
sensitivity and assurance of no interference by other alpha emitters.
The counting error had a precision of 105 for the low counting sam~
ples when economically feasible and 3% or better for thé'-more active
samples,

The recovery efficiency for uranium was checked on eath analy-
sis according to the techniques described in "SCTM 369'.-5-9(51,) Test
Group 57 Radiochemistry®, by R. J. Everett and R. W, Drake, Al
samples were completely dissolved, An aliquot. usualiy 10% of the
total dissolved solution, was taken from samples requiring uranium
analysis. When required, an extraction was performed to remove
quenching agents suc .3 copper and iron cations. The tc'al uran~
ium was determined by a fluorescence technique in & Jarrell-Ash
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Fluorimeter,

The biologicals presented some unique challenges both in dis-~
solution and puriftcaiiun, Prior to the start of the project, an ex-
haustive literaiure survey was made and consultations held with ia~

dividuals learned in the btoassay field on the problem subject, Most

of the information ana procedures offered, however, dealt with organ-
ics less than 50 grams in weight, Very little was known about analy-
2:ng pound size samples for plutcnium and uranium, It was decided,
therefore, to combine modified Tracerlab biclogical procedures with
those {n the literature,to fit the situation., A lengthy development pro-
gram produced the detailed radiochemtca'l and fluc 'metric procedures
given in Appendix B,

A technical paper, "Routine Determination of Plutonium by Tracer
Technigques in Large Bloiogical Samples, ™ based on our biological de-
velopment work,was presented at the Hanford Symposium on "Inhaled
Radioactive Particles and Gases” and at the 9th annual Health Physics
Society in Cincinnati, Ohio, A copy of the paper i{s given in Appeadix
D,

The biological samples were processed concurtently with the physi~
cal samples, which were arranged in order of Double Tracks, Clean Slate
1, II, and III. The techniques for dissolution, separation, purification,
are described in the following paragraphs, It should be mentiocned
that a given procedurs does not necessarily cover every chemical or
counting situation. Often one or more samples among identical types

required special treatment.
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Biological Sample Dissolution: The blological dissolution procadures
employed resulted in the least loss of sample.. Wet versus dry
dissolutiqp. was experimentally compared. Dry ashing of most biolagi~
cal samples, although convenient and inexpensive, results ia loss of
sample by spattering, mechanical entrainment, and polymerization and
formation of insoluble oxides of Pu. This is especially true of samples
which have high organic-to-ash ratios, In these cases it may be diffi-
cult or impossible to recover all of the sample plutonium from the walls
of the ashing container, Loss occurring at this stage may result in in-
accurate sample yielding. Bone samples have a low orqanlc-&o—e;h
ratio, and the ash serves as a carrier to prevent loss of Pu during dry
ashing. The bone ash {s bulky and easily removed frum the ashing
container by dissolving in acid and then is equilibrated with Pu tracer.
Wet dissolution in the presence of Pu-236 tracer allows exchange of
sample Pu with tracer and control over excessive temperatures, thus
preventing formation of {nsoluble oxides and polymers. Wet dissolu~
tion was routinely performed, using a refluxing spparatus (Figures F.1
through F.3) or open beskers, by an experienced chemist. All samples
proceised for plutonjum analyses employed Pu®¢ tracer for ylelding. The
tracer sctivity was normally aliquoted such that it was within a factor of
five of the expected sample activity but a minimum of 15 dpm. The
tracer was always added at the start of dissolution except for bone
samples, Dissalution of the biological samples varied with the tis-
sue or metabalism type and size. A brief discussion of each is
given below,

(1) Small tissues ( €2 ounces): Samples were placed in ap~-
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propriate sized neakers (250 to 400 ml), organ activity was estimated
from the data 1n TG-57,and appropriate tracer added, Each sampie was
cuvered with HNO3 and the mixture boiled to low volume. Fuming HNOs

and HCXO4 were added and the mixture again boiled to low volume,
When the HNO3 was driven off and the HCIO4 concentrated by boiling,
an exothermic reaction took place and moderate foam swelled up lnside
the beaker, The reaction could be controlled by the addition of HI?IO:,,
but with small organics this was not usually necessary. Further boil-
ing produced a clear solution containing only minor amounts of salts
which were solubilized on dilution. Care was taken to avoid evapor-
ation to dryness since formation of explosive perchlorate salts would
result,

{2) Medium Tissues (2 ounces to 2 pounds): Samples were placed
in appropriate sized beakers (1 to 4 liters) and tracer added. Each sam-
ple was covered with HNO3 and boiled to low volume, Sulphuric acid
was added to char the organic and the mixture fumed to low volume
twice until a deep red solution was obtained. Fuming HNO3 was ad-
ded and the solution boiled tolow volume. Nitric acid and I-ICIO4
were added in that order and the solution boiled to’low volume, Sul-

phuric acid was again added and the solution builed to low volume to

drive off all 53104 which forms explosive mixtures with the cupfer-
Ton — CHCI3 reagent added later to extract plutonium and uranium,

The dissolution of the samples in this category was done by the HCIO4
H,SC, method rather than the H,SO, reflux method since the former

was much faster. Also the amount of organic present at the time of

HCIO, addition was small and any exothermic reaction (occurring
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waen hot! concentrated HClO‘ is mixed with organic matter) was mini~
mal,

{3) Large Tissues { >3 pounds): Most of the samples in this
category were dissolved 1n four-liter beaker, a few tissues had
to be divided into two or more sections to fil. To eliminate the thaw-
ing process, an electric knife was used for the division, Tracer,
xzsoi. Hg catalyst, and antifcam agent was added o each section,
Enough sto“was added to cover the sample, and an inverted é~inch
funnel, held by a ring stand, was placed inside the beaker, The
sample was placed on an individual hot plate (covered with asbestos
to avoid cracking of beaker at ensuing high temperatures) and heated
at low temperature until a black tar mixture was obtained. The heat
was increased until the tar turned to, in order, black jfelly, black
liquid, red liquid, clear solution. During high-temperature heating the

sto4 refluxed and the inverted funnel was raised or lowered to con~

bl

trol ths sction, Asbestos wrapped around the beaker increased the
tomperature and reflux conditions. A trace of carbonaceous material
leit on the oeaker and funnel walls after refluxing was removed by
1.1:;104 cleansing and boiling, However, the formation of metal organ-~
ic salts from tha I-IC:IO4 pracluded good decontamination and sto‘
washings were substituted. The remaining sto‘1 was finally fumed
to Qet dryness, Since many samples were processed simultaneously
the billows of heavy, toxic 803, HCIO.‘, and nitrous oxide fumes out-
side the lab created 2 potential health problem, A multi-vacuum appar~-
atus,leading to a large poiyethylene carboy fllled witha dilute base,

trapped most of the fumes. The balance were sclubilized in a water-
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scrubber apparatus attacned to the ouiside nood vents, Dist.lation
and concensation of the acid fumes was 3is0 tried inside the hood and
{ound to be effective, During sto‘ evaporation large amounts of in=-
organic salts {from the combination of the acid radical and the minarals
in the animal organ) precipitated out of the acid solution, Since these
salts interfered with later decontamination of Pu and U, & procedure
was developed in which the heavy elements were reduced with NH;CH-
HCl and extracted from the bulk salts with cupferron and CHCL}- As
a result of this modification clear plates and @od ylelds were obtained.
(4) Bone Samples (All Sizes): Al bone samples were dnied in
a drying oven overnight to reduce smoking and popping during the ash-

ing operation, Following the drying process the bones were cut as required sod
ashed at 500°C overnight in Corningware {Corningware is glazed and
eliminates ash sticking to the walls). The ash, salts and low smoke
conient of bones obviated swelling and entrainment loss of Pu(as con~
trasted to animal organ samples). The ash was transiered quantitativsly
to 3 beaker and dissolved in HCl, Tracer was added at this point
rather than at the start to assure equilibration and accurate yield, Los~
ses of U as well as Pu in ashed bone samples are prevented by the
heavy ash content. The solution was boiled to low volume and the
plutonium and uranium extracted from the large amounts of salts by

the cupterron - CHCI3 rﬁethod mentioned earlier, The extracted mater-
ial was boiled to low volume aiw. reboiled with HCIO4 to wet dryness.
in the larger bone samples, = white residue 2pp2ared at this point

and a second extraction was-necessary. A few ml of HCl was added

to the final wet dry HCIOi mixture prior to the second extraction. An

attempt was made to remove Pu from an acid solution on a Zr3(PO4)4
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precipitate. However, the ylelds were lower and plates extremely

durty, distorting the alpha energy spectrum. This procedure was dis~
carded early for the extraction,

(5) Metabolism Samples (All Sizes): Urine and feces sam~

ples were analyzed similarly except urine samples were first evapor-

ated to wet dryness (after tracer addition), Both types of samples
were then cavered with HN03 and bolled to low volume. Fuming

1{);03 was added and the solution cautiously evaporated to dryness.
\Wren the samples were near dryness, lgniticn occurred and the resi-
cuc burned slowly with the evolution of nitrous oxide fumes. After
tne pyrotechnic flame had subsided the residue was taken up with
HNO3 and I-I,C:lo4 and boiled to low volume as in the medium tissue
procedure, Sulphuric acid was added and the mixture bolled to drive
off I-ICIO4 prior to the extraction with cupferron-CHCla-

Biological Sample Purification:  After dissolution, the sample

was purified., Purification is necessary to decontaminate the sam-
ple from other radionuclides present and secondly to separate plu-
sonium from macro amounts of all other zlements. The final product
15 a weightless, contaminant-free invisible deposit of plutonium.
Tne preparation of a weightless deposit yields sharp, well-resol~
vec alpha peaks. The procedure is simple, well-established, and
with normal care results in high yield. The basic steps in the pro-
cecure are Fe (OH)3 precipitation, ion-exchange separation, and
electroplating onto a polished platinum disc. The plated sample

is placed in a small labeied metal contzine. and is counted by
alpha pulse height analysis.

The purification of the larger biological and bone samples pre-
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sented some special problems, Qff calor (white) Fe(OH)Jprcmpl-
tates, acid dissolution residues, and violent .‘-‘aBrO3 oxidation re~
actions often occurred if a hexone extraction was employed,
Removal of saits in the cupfcrron - C,Icl3 extraction immediately
{following dissolution eliminated most of the problems described.
As mentioned earlier, some bone samples required two additional
cupferion - (:Hc;x3 extractions (o prevent large CaOH-CaPO" pre=~
cipitates occurring in the first step in purification, Purification
of a biological sample sometimes required large volumes of CI-(C:!3
and several days of an analyst's time,

Physical Sample Dissolution: All physical samples proces-

sed for plutonium analysis employed Pu=-23¢ tracer for yielding.
Tracer additions were similar to those of the biological analyses
except where large dilutions were necessary. Heavy soil samples
were set aside pending investigation of a partial dissolution pro=-
cedure. Wet chemistry techniques (using iF) were employed on
samples containing small amounts of so:l. Filter and sticky film
samples were (reaied with fuming niwic and perchloric to destrvy
organic matter and then with HF to dissolve any silicates present,
Physical samples, 2s biological, were treated with HzSO‘- HCiO‘
to assure equilibration of tracer and sample Pu.

Dissolution of the physical samples varied with sample type
and size. Generally HF treatment was required to remove silicates
and all of the dissolutions were started or transferred to teflon

beakers. A brief discussion of those types giving dissolution
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problems are listed below (HF disc boiling avolded, prevent U gickup).

1) Cassclla and Andersen Discs: No special obstacles
wore oncountered until the end of the normal dissolution procedure.

A white residue was obaerved on the surface of some of the discse
&fior removal from the acid dissolver solution and subsequent air dry-
ing. Tne residus was checked for activity but noae wais apparent, As
a precaution, the glass disc was rinsed into the original beaker with
alN HF-HN03 solution which removed all traces of the residua.

(2} Sticky Fims, Method No.1l: Tiie sample was covered
wiwa fuming HNO3 and boiled to low volume. The procedure was re=
peatea urtil the salution turned from black to 3 dull red (usually re~
quired approximately one liter of fuming HNOs). Perchloric acid was
acded and the mixture boiued to low voiume. An exothermic reaction
occurriag at this point was allowed to go tz completion, Further

boiling produced a clear solution,

{3) Sticky Films, Method No.2: The sample was covered

3

with fuming HNO. and boiled to low volume, 7The process was re-
peated 2 or 3 times and the mixture allowed to dry and ignite on the
last ume. Ignition was encouraged by dropwise addition o{ fumiang
HN‘O3 and heat, Final dissolution of the carbon blackﬁsaméle was
accomplished with addition of HClO4. Limited exothermic u.ﬁcuon

occurred 1n this step.

(4) Sticky Films: Method No, 3 Approximately 5 ml of
CH3OH was added and the sample ignited with 8 Fischer burner.
Faming HNO3 and HClCAwere added after ignition was canpleted and
mixwure boiled to low volume. 1f the sample contained apprecisble
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a:zounts of dirt, bumping occurred. Addition of 3 o 8 ml of H,SO,
caiminated this bumping in boiling to low voiume (some foaming oc-
curred at this point)., TFinally, HF was cdded t¢ cifect compilete dis -
solution of the dirt, This method proved to be tne most economical
timewsise and in cons.mption of reagent, No loss of sample was evi~
Soat by actavity measurements of {ilter coilections of the {fumes.

(5)  Total Air (TAS): These samples were usually dissolved in

{uming HNO3 and charred, followed by & fuming HNO, - HGIO4 dis-

3
solation, Samples with appreciable amounts of dirt required HF
treatments.

(6) Total Air Disposable (TASD): Samples were relatively
alky l:sm:l required several acid dissolutions. The samples were
treated with fuming HN03 ard chamred. A sticky ring remained on
the wall of the teflon beaker which was dissolved by boiling with
Hz,5°4 and HCIO4. Nitric acid and HF were added after the last
HCIO4 reaction and the sample boiled to low volume.

{7) Small Soil Samples (L 5 gms)y Dissolution of soils was
done almost entirely in teflon beakers due to required HF
trcatments. Fuming HNO3 was first added to cover :ne sample and the
sample boiled until yellow fumes were no longer evident (bumpiag oc-
curs at too low a volume), Perchloric acid was added and the mixture
boiled to wet dryness, Little reaction occurs during this step. Fuming
I-INO3 was added to ¢ool the mixture and HF added (15 to 25 ml for each

5 gms of soil, 1 ml at a time to control reaction) until low foam’' :g re-

action subsided. The mixture was boiled until a clear solytion was

* Not normal, but backing stuck to fliter.
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obtained, All the sample except water soluble saits and & trace ¢f
%3rd silica (the latter showed no measurable activity) went into golu~
..on after acid bolling, Dilution of the acid solution (250 ml for each
10 gms d?}ou) dissolved all residues but the hard silica.

(8) Large Soil Samples { D5 gms): The physical samples were
of greater variety but generally easier to dissolve than the biologicals
with the exception of those-containing heavy dirt, All of the soil sam-~
ples, (approximately 60) received for analyses contained 1] to 6 pounds
of dirt and sand. Samples this size can be dissoived with large quan-
tities of acids and a lengthy digestion pertod, The complicating factor,
aowever, is dissolution of the water scluble salts which precipitate
during the acid digestion (salting out process). For example, dissolu-
tion of 10 grams (453.6 gms equal 1 pound of soillrequires an ultimate

dilution of 250 ml to dissolve the water-soluble salts, A proportionately

greater dilution is needed for larger samples, Obviously, the Pu-239
3otivity in a workable aliquot of an infinitely large duution would be
bvarcly detlectable even on hot samples. It seemed desirable there-
fore, *n develop a method for separating the Pu compounds from the
bulk of the soil. Flotation agents were triad on the pretaise the heav~-
1er plutonium bearing particles would separate from bulk soil by grav-
ity centrifugation. The so-called soils, however, apparently had
components equal or greater in density to plutonium compounds since
95% of the material as deposited in the bottom of the centrifuge cone,
Pernaps the soils were heavy dense volcanic ash,

Following the flotation procedure a tracer and tracer-free partial
dissolution of the soils was attempted and the results were highiy suc-
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cessful. In this method, eight 50 gram samples from Clean Slste I
and III soll throwout collections were treated in 5 manner similar to
total dissoluiions of small soll samples except the reaction was stop-
ped after approximately one fourth (30 minutes of dissolution time re-
quired) of the soil was dissolved, Aporoximately 50 ml of (-HNOJ
and saturated H3 BO4 was added and the mixture botilaed to wet dry-
ness. Hydrochloric acid additions with bolling were repeated until
the HNO3 was destroyed, Care was taken to avoid excessive foam~
ing and swelling of the heavy scum which appaared at low volume,
The mixture was transferred to a large sized poly bottle with HC!

washin- _ and diluted to the half full mark with HZO. Hydroxylamine ~

HCI, CHCI3 and cupferron reagent were added, the mixture stirred
vigorously, and centrifuged to separate the phases. Approximately
95% of the now dark CH3CI3 layer was removed with a transfer pipet,
care being taken not to disturb the interface scum. The extraction
was repeated until the CHCI3 layer was colorless (usually required
4 to 6 extractions). The extracted collections Qere evaporated at low
heat to a heavy sludge (light flaming occasionally occurred in the
sludge). Dilute HNO3'(61£) was added to the sludge and the mix-
ture boiled to a heavy black tar, If bumpinqoci:.\r_red HCIl was ad-
ded. Nitric acid was added, the mixture boiled to wet dryness,
and the procedure repeated with f-I-INO3 until the tar turned a black
liquid. Perchioric acid was added and a resulting slow exothermic
reaction allowed to go to completion. The solution was bolled untld
perchlorate salts precipitated, Most of the salts were dissolved by
repeated boiling with aqua regia. Remaining salts were washed with
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HZO and boiled in fuming I'INO3 - HCl. The solutions were combined
and diluted to the mark in a volumetric flask with fuming I-!N’O3 and
H,0.

The resicue from each of the partial dissolutions was completely
dissolved in a manner similar to that for the small soil samples. Re-
sults of the eight samples showed approximately 95% of the plutonium
was extracted., Subsequent experiments, however, show that partial

dissolution must be restricted to sample sections df 200 gms or less

because of dilution and extraction limitations,

{9 Lliquid Water: The water samples were contained in glass
boitles. The cap had been sealed with tape but most of the botties
had leakad rather badly. The pH of each sample w'el determined with
a Beckrran pH meter, The volume of the sample was measured in 5 grad-
uated cylinder. All of the samples .contained appreciable amounts of al-
gae and dart, A suspension aliquot of each sample was centrifuged and
a stippled plate activity measurement made of each supernaie Aliquois
from samples showing activity in the centrifuge supemate were filtered
through a millipore filter and the filtrate analyzed by alpha pulse height
analysis. The millipore filter was leached with successive additions of
0. 1N HCI over a 48-hour pericd. Each leach was f{iltered through a new
millipore and the filtrate analyzed by 2 T counting of a stippled plate.
The millipore filters from some of the leached samples were dissolved,
purified, and analyzed by alpha puise height analysis,

A separate suspension aliquot of several of the samples was ana—
lyzed by cupferron - GI-ICI3 extraction at neutral pH and counted by
alpha spectroscopy.
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The contents of {ive bottles were totally dissolved and analyzed

oy standard Roller Coaster radiochemical methods, including alpha

_ﬁ.pulsc height aralysis, Acid rinses of bottles were also analyzed.

All the analyses were for plutonium content and some for uranium,

Physical Sample Purification; The majority : f the physical sam~

ples were purified, following dlssolution,in a routine manner by the
punification procedure given in Appendix B, Physical Samples with
heavy dirt, however, required several c;.u:afen'on-(:l-tcx3 extractions and
alternate I\l.aOI-I--I“JaZCO3 NH4OH precipitations to free the plutonium
compounds from excessive salt concentrations, In samples contain-
ing large amounts of Fe, a brown residue appeared on the resin puri-
fication column, This residue was dissolved during HCI elution. A
trace of insoluble salts sometimes formed in the purified solution
(tentat.ively identified as aluminum and titanium oxides) but contain-
ed no activity.
Electroplating: A rapid electivdeposition procedure was used to
obtain from the purified sample a weightless, invisible deposit of
plutonium on a platinum disc. A plating time of 10 minutes was usu-
ally required. The disc was 5 mils thick with a mirror finish, pre-
cut to 2.2 cm in diameter. The electrodeposition cell, designed by
our laboratory, limited the plating solution exposure to a glass tower,
teflon gasket,and platinum disc,

An excess of solution during the plating operation can result inas
much as 70% loss of activity. ;‘he optimum volume of the plating solu-

tion was found to be approximately 4 ml which represents about 1/4
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inca of liquud in the plating cell. In general, those samples having
heavy dirt at first produced dirty plates. Changing lab reagents,
plating solutions, and re-extracting the sample with hexone just

prior to plating did little to improve plate quality. Cupferron --Cl'lCl3
extraction, baking the water extractant with successive additions of
agua reqia, and resin column purification produced clean plates,

Dirty plates also occurred when any residual organic material was not
desroyed or when exXtraction was incomplete. Rinsing the plates with
distilled water and flaming improved plate quality.

Stippled Plates: All samples with fleld monitor activity levels
above a certain range were dissolved tracer free and a stippled aliquot
measured for approximate activity, if the high activity value was con-
firmed, a dilution was made and tracer added to the aliquot. This pre-
vented mis-match of Pu-239 activity and tracer so that one alpha peak
was not swamped by the other in the pulse height spectra,

Odors: Last but not least was the problem of nefarious odors
emanating from the dissclved large tissues and especially metabolism
samples. Fortunately, the odors from tissues were all but eliminated
by 1-10104 type dissolution and HZSO4 refluxing methods, Boll-downs
of urine and feces samples, though often produced a pungent odor in

the lab. A resourceful chemist purchased a Buddha inc=nse burnerj

and the resulting atmosphere was satisfactory to everyone's olfactory

senses,

Uranium Scparation: A uranium separation from plutonium was

wade in each plutonium analysis by a basic carbonate precipitation

which carries plutonium, The uranium carbonate complex is soluble
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under these conditions, However, if due to sample impurities, the
uranium does not solubilize completely, it will not interfere with
the measurement of Pu-239 (5.0 to 5.2 Mev integration limits) in an
alpha puise height analysis since uranium alphas fall at s lower
energy. In the procecdures outlined, the uranium separated in the
plutonium procedure was not used for analysts, The uranium analy-
sis was performed with sufficient sensitivity on another aliquot of
the dissolved sample,

Assuming 1 ug of natural uranium to be present in a sample con-
taining 10 dpm Pu-239, an unexpectedly high ratio, the fcllowing seam=

ple activities can be expected:

Nuclide cpm Alpha Energy
U-238 0.26 4,18 Mev
U-235 0. 01 4,40 "
U-234 0.25 4,7% "
Pu-o395 5.47 5.i4 "
Pu-238 - 5.48 "
Pu-236 - 5,75 ~

The closest Pu and U alphas, as is evident,are sufficiently sep-
arated in energ,
2.5 PREPARATION OF TRACER

The tracer employed in yielding plutonium tsotopes is Pu-236
(made by the d, n reaction on highly purified U-235). The Pu-236
was prepared in a cyclotron irradiation and chemically purified ai
Traceriab. Approximately 20,000 dpm was aliquoted and puise-height

analyzed t> determine isotopic purity and percent Pu-239, 240 pies-
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ent, if any, Conections to subsequent samples were applied if any
Pu~239, 240 was found in the tracer. Previous experience has shown
that on high purity Pu-236, the ratio of Pu=239/Pu-236 is about

1 x 10_5. The importance of any correction depends on the Pu-239,
240 activity in the sample analyzed. Once the purity of the tracer
had been established, two stock solutions were standardized at
about 400 and 20 dpm/ml. A choice of stock for each anslysis de-
pended on the anticipated activity of the individual sample,

Ionic Pu-236 tracer has shown a tendency to polymerize and/cr
form oxides on standing or in the presence of trace quantities of or-
ganics, This can result in incomplete equilibration with other Pu
radioisotopes and loss of yield. Preparation of Pu-236 standards
from a concentrated stock solution, therefore, included an HClO
treatment to destroy organics and solubilize all tracer activity,
Residual amounts of the acid were left in the standard solutions to

hold the tracer in a soluble form.,

The trace: was standardized by isotopic dilution and ;xhaustwo
electrodeposition. In both methods, a suitable aliquot was with-
drawn from stock , electrodeposited on a platinum dtsc)and'countad.
In exhaustive electrodeposition the plating solution was reduced in
volume and any remaining plutonium again electrodeposited, This
process was repeated until further electrodeposition produced no

change {n disc activity. Summation of the electrodepositions gave

the tracer concentration, Four to sight determinations were norm-
ally averaged to yield a final value, Concentrations were usually

determined to plus or minus 2%,
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In 1sotoptc dtlution & splike of Nattonal Bureau of Standards
stock solution® (99.97% pure) was added, for ylelding, to nine
aliquots of the purtfied Pu~-236 stock solution, The spike and trecer
were eguilibrated by evaporation with HZSO4 and HClO‘ and electro-
deposited on the platinum disc., The plated samples were counted

and the Pu-236 concentration calculated after Pu-239 ylelding.

Exhaustive electrodeposition gave an average concentration of
25.0 + 0.38 dpm/ml Pu-236 for four aliquots. Isotopic dilution
gave an average of 25,7 + 0.26 dpm/ml for nine aliquots. Experience

has shown that the first method 18 suscegtible .0 low results due to
sequential handling losses, This point has been confirmed by stan-
dardization of the tracer using a combination of both techniques on

the same aliquots of tracer.

It was anticipated that the Pu-236 tracer might change concen~
tration over a period of time due to a combination of factors, pri-
marily evaporation of the media and/or deposition of the tracer on

thie walls of the polyethyiene storage bottle, To minimize this error,
aliquots of the standardized stock solutions were added to several

small polyethylena storage bottles and actdified with 6N HCI.

To insure that the accuracy of the tracer standardization was
maintained, a set of two exhaustive electrodepositions was per~
formed after five months, (See-Tracer Standardization Procedure in
Appendix B for method). The set of two platings had to agree within
2.5% and their average within 2% of the previous standardization,

or further platings and/or complete rastandardization was necessary,

* An analysis of the NBS standard (listed as 99.97% pure) on our Mass
Spectrometer gave the following isotopic composition; 94.386 weight
% Pu-239, 5,271 weight % Pu-240, and 0.343 waight % Pu~-241. The
Pu-239, Pu-240 alpha disintegration rate of the solutton was calcula-
ted from this data.
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2.6 ACTIVITY MEASUREMENTS

Cw:t_lng: Each plutontum gample was electroplatad on a S-mtil
plaunum' disc (for best peak resolution) and counted on an alpha
pulss height analyzer. The disc was ignited to remove any residual
deposit, since resolution decreases proportionately with an increase

in deposit thickness,. In order to utilize existing equipment, the

outputs from four Frisch Grid Chambers were connected to one multi-
channel analyzer by dividing the full range of the analyzer (256
channels) into quadrants of 64 channels sacn, The instrument con-

trols were adjusted so that the sixty four chanuels covered the entire
aenergy range of the plutonium isotopes., The amplifier controls were

adjusted to cover.the range 4.5 to 6.0 Mev which included Pu-238
{5.49 Mev), Pu-239 (5.15 Mev), and Pu-240 (5.15 Mev) and Pu~-236
(5.75 Mev) tracer. This amplifier gain setting gave a scals factor
of approximately 37 Kev per channel, and each isotope present was
registered over a spread of about ten channels. Optimum gain set-
tings discriminated against activity energies outside the Pu-236,
239 energy region, The result was a pure spectra of Pu-236, 228;

239. Even slightly dirty plates showed minimum straggling in the
valiey region of the spectrum. Occasionaily a small alpha § 3ak

from the U-232 decay daughter of the tracer was seen if a sample
was recounted several weeks after chemical decontamination.How-
ever, the U-232 peak, located at an independent energy, in no way
interfered with the analysis. Samples with low yislds or poor spectra
were reworked .,

A disposable matal collimating ring, swrounding each sample
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disc ,was used with cach sample to preclude the counting of de-

graded alpha particles. Some loss in counting efficiency resulted

Sl was oiiset by improved peaxk conto.rs and distinct separation of
a.pha vnergy peaks, The reso.ution (f.il widtn at half~maximum) of
the four Frisch-Grid ¢' ymbers Inciuding Cif = co.imation was 0, 88%
at 95, 15Mev. The alpnu peak counting cificiency was approximately
35%.,

Tne counting time for an unknown sample was determined by the
isotopae having the lowest activity. A total collected count of this
i50tope wWhich gaw 4 standard statistical counting error of 10% was
cons:dered salisfactory. However, if possible, a total collected
count Giving a standard error of 3% was obtained, The tracer vielu
was determined to an error of 3,

Table 2.2 indicates the variables involved in the choice of count~
ing time. Counting times of much greater than 1000 minutes were
noi economically justified. Also samples w:th adequate yields show-
ing no Pu-239activity after 40 minutes of counting time were reported
35 sucn with a standard error for the background count of the instru~
ment.

TABLE 2.2 TOYAL COUNTING TIME REQUIRED TO GIVE LISTED

FRROR"* )
3% 5% 10%
Activity Error 7 Errpr Error
10 cpm 111 40 10
1" 1110 400 100
0.1 " 11100 4000 1000

*3ackground for alpha pulse analyzer ts virtually negligtble, ranging
from 0,006t 0.01 cpm,
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Detormination of Geometry: A geometry factor §s used to con-

v. it the observed counting rate of an unknown sample to absolute
dis«ntegiations per munute (dpm), The geometry factor is defined as
toe coaserved corrected counting rate divided by the abhsolute disinte-
gration rate of a calibrated plutonium standard source. The obser-
ved counting rate of a sample always contains the following inherent
iusses,

{1) 27T Geometry: The geometry is restricted to 2 T stera~
dians oy virtue of a fiat disc mOununq..

{2) Collimation Loss: Described in counting section,

Aralysis of Pulse Height D2ta: A short run of a calibrated plu-

tonium standard source was macde before and after the analysis of an
unknown plutonium sample. This procedure gave an evaluation of the
counting geometry and resoiution of the instrument {ncluding any chan-

ncl shifting of the alpha peak, in this interval of time,

Aftcr counting @ sample, a Pulse Height Graph sheet was used to
meke & grapnical plot of the data as nceded, Channel counts on the
ordinate were plotted versus channel number and/or energy on the
apscissa. From this graph, together with the data tape, an analysis
of the isotope peaks was carried out uti}1zing the attached processing
sheet, In selecting the group of channels representing each {sotope

peak, the foliowing points were considered:

(n Width of Isotope Peak Base: Since each ’sotope peak
wnich represents 3 single alpha particle energy is i;\eoretlcally of
the same contour, its base will cover the same number of channels
with only the neight of the peak differing in each base., The peak
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contour may be represented approximstely by 8 Gausstian distribu-
tion curve as described in the references,

(2) Low Eneryy Tall: The low energy tail of esch tsotope
peak wiil continue down to zero energy. Howsver, no counta less
than 1% of the peak height are added to the tolalized peak count.
The totalized count of the calibrated plutonium standard source is
evaluated in the same manner,

(3) Background: On low counting samples, it I8 necessary
to correct for background. This correction is compiled from & statis~

tical summation of consecutive background determinations and is

subtracted empirically in the pesk energy region, {rom a knowledge of the
{sotopes present and of thelr pesk contours.

{4) Peak Resolution: The resolution is determined by the width
of the peak contour and will determine the possibility of detecting
isotope peaks in close proximity, Resolution may be mathematically
denoted as the peak width at its mid-height divided by the peak ener-
gy, each value expressed in the same energy units, The resolution for
selected analysis iscslculated in order to determine the amount of

{nstrument drift. The desired resolution was always better than 1.5 percent.

(5) Instrument Drift: Drift ts defined a3 the percentage change
in peak resolution during an analysis. It is evidenced by a broaden-~
ing of the peak contour and, in extreme cases, will give rise to ex-
cessive peak overlap. The amount of drift wil indicate the degree
of instrument stability during an extanded analysis. Repeat analyses
wiil be indicated if the amount of drift impairs good peak resolution,
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Alpha Spectroscopy Quality Control: The reliability of the slpha

pulse height analysis system must be checked periodically regardless
of the observed reliabllity. Day to day standards of instrument of 3r-
ation e:c measured by observing the before and after runs of the
standards (see counting reference {or details), The width and en~
ergy location of the standard and tample isotope pesks baie must
correspond, A drift of more than ] percent at {ive Mev between the
two is cause for instrument repair,

In addition, a background spectrum must be taken at lesst once
per month (and more often f contamination is suspected), The back~
ground, takea in the region of 4,0 to 6.2 Mev, must match the sam-
ple tsotope peak base, and shall not exceed {ive counts per hour,
Any excess is reason for determination of the cause of the back-
ground and removal of the source,

The counting efficiency of the instrument s checked monthly by
counting a cailbrated thres-peak alpha source containing Pu-237,
Am-241 and U-233, The source is counted in the energy region of
4.5t0 5,7 Mev,

The individual peak efficiency is checked by integrating the
peaks and comparing with the assigned isotopic dpm values of the
source, A divergence of more than ! percent from the assigned val-
ues on subsequent efficiency checks is causs far further investigation
and/or maintenance as necassary.

2.7 CALCULATIONS

Plutonium Isotopes: The results of the alpha pulse-height

analyses are presented on printed tape. A graphical plot of a typical
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spectrum s {llustrated in Figure F.4. The ererg calibra-

tion line was calculated from the pre-and post-counting ene,gy
calibrations of the counting chamber. A summation vas made of
counts under each isotope peak present. These counts were cor-
rected for low energy tail, background, pesak resolution, and Instru=

ment drift. The plutontum content of the sample was calculated by:

Pu-239, 240 (dpm) = _counts Pu-239, 240 x dpm Py-236
Counts Pu-236

Plutonium-239 and Pu-~240 could not be calculated separately as
their alpha energies were too close to resolve with a Frisch-Grid
Chamber,

The counting efficiency of each Frisch-Grid Chamber was
measured, using 3 Figh precision alpha standard, &nd it was not
necessary to calculate a yield separately to determine the plutonium content.
However, ‘e yield was always determined as a quality control maas=-

ure {n order to assess the efficlency of the chemistry procedure, The

yield was calculated by:

Pu~236 yield = dpm Pu~236 recovered
dpm Pu-236 added x Pu-236 decay factor

Uranium: The results of the fluorimetric anslyses are pre-
sented as milltamps on the Jarrell- Ash fluorimeter, Milliamps are
converted to ug U30q/ tutal sample by:

U O {ng/ total sample)® (Ma sampie - Ma bkg,) x Cf
% yield x aliquot factor

where: Cf = calibration factor from std. calib, curve
% yield (Ma spike - Ma bkg,}) x Cf ~{Ma sample -Ma bkg) xCf
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CHAPTER 3
DATA PRESENTATION

3.1 DISCUSSION

Tables E.1 through E.13 contain the plutonium and yranium data
for the Physical, Blological, and Guality Control Samples. Also
included sre counting time, yleld, and rework information. The
tables are a summation of all the bi-waekly reports plus new data
generated since the last bi-weekly report, New data are l'tamd.
A key to the sample types precedes the tables,
3.2 BIOLOGICAL DATA

Tables E.S through E.7 contain the plutontum and uranium data
for the Btological samples. Tables are listed by animal type, The
data are listed by tissue type and number. All plutonium values
are reported as dpm Pu-239, 240/total sample, All uranium values
are reported as 1g Uy O8 total sample, A counting error in dpm

was assigned each Pu-239, 240 value and the data presented in

orders of magnitude. The ertor assignment as well a= the base
value {s in torms of the given pcwer, Pertinent information relative
to the analysis appears in the remarks column . Zaro or negative
values were included, accompanied by the counting error; but never
was the positive numerical value of the latter less than the negative
value. In most instances, the statistical precision of the data meet
requirements set by the referee team, In general, most of the ylelds

exceeded 50%. A few samples with low yleids were either reworked

52

CONFIDENTIAL




hs

or counted for longer pertods to assurc good statistical accuracy.
Urantum data were derived from 10% aliquots and are listed opposite
the Pu-239, 240 value for a given sample,

The dog and sheep data are given for the Double Tracks or Clean Slate
11 events , the burro on Double Tracks only. Since exact animal loca-
tion was not available, no attempt was made to correlate laboratory
analytical data with field information, Comparisons were made
among tissue types, metabolism samples, animais, and events for
Pu and U content as follows:

(1) Dog Tissues: Most of the Pu was concentrated in the G.I.
Tract, lung, trachea, and nasal mucosa. On the average, the G.I.
Tract was a factor of approximately 102 greater than any of the other
three tissues. The activity tn the four tissues ranged from <1 tol,.63
x 10‘l dpm. The U concentration in most tissues was less than 1 ug
per sample and showed little tendency to follow the Pu, For example,
the tissue with the highest U value, 2.8812 3 in the lung of Animal
1020, contained only 3.36 dpm of Pu,

(2) Sheep Tissues: The Pu was found principally in the tra-
chea, G.I. Tract, Lunq,and Nasal Mucosa. In generai, where the
Pu was distributed among these tissues, {t was divided fairly
equally., However, more of the lung samples contained appreciable
amounts of Pu, Activity values in tne sheep tissues mentioned
ranged frume 1 toS.fl_S x 102 . Similarly to the dog samples, U con-
centration was usually less than 1 pg and did not necessarily fol-
low the Pu. The tissues of three samples, 2050, 2052, 2127,
were the highest in uranium but low in plutonium,
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{3) Burro Tissues: Most of the Pu was concentrated (n the
lungs but appreciable amounts waﬁ detected in soma liver, hilar
node, and G.I, tract samples, Also one bone, kidney, and tra-
chea showed appreciable Pu, The lung-todiver ratio ranged from
near unity in a few samples to 55 {n Sample 3043, Very few uran~
ium analyses were run on burro tigsues. All were less than 1 ug.

(4) Metabolism samples: All the analyses in this category
were performed on sheep eliminations, Most of the metabolism
data showed high values relative to the animal tissues, The data
ranged from approximately 10! to104 dpm per sample, Nelther
urine nor feces values necessarily dominated the Pu content of
a given animai sample, Uranium analyses were not required of
metabolism samples,

(S} Arimals: The G.l. tract of the dog samples and burro
lungs dominated the Pu content of all animal tiesuss, Uranium
data was too low, in most instances, to make a significant compari-
son among animals. Average valuess for tissues centaining the

largest amounts of Pu are given below in Table 3.1 in dpm per sample.

(6) Event: Only three sheep lung samples from Clean Slate I
contained appreciable amounts of Pu, All other large values were
in Double Tracks data.

3.3 PHYSICAL DATA

Tables E.1 through E.4 contain the plutonjum and uranium Qata for

the physical samples. Tables are listed by event, The da;a are

listed by sample position in the test pattern with corresponding
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TABLE 3.1 ANIMAL TISSUES ‘WITH GREATEST Pu CONTENT

Doj Sheep Burro .

Bonc 2,0x 10
Kidney 3.6x 10"

Liver 5.3x 101
Lung 4.8 x 10} 9.0 x 10} 5.52 x 102
1'

titlar Node S.6x 10
A 1* 1

Trachea 2.4x10 2,.2x 10 1.7x 10
G.1. Tract 2.7 x10° 2.4 x 10% 3.2x 10"

Nasal Mucosa 9,8 x 101 1,6x 102'

*Based on one or two analyses only. All other values average of
several analyses.

TLW collection and analysis number. Pretest and offsite data ap-
pear at the end of each table, The statements concerning data re-
porting and counting precision under the 'prevtous section apply to
the physical data. Yields were rarely below 60% except for a few
samples with heavy dirt, Uranium analyses were performed on
aliquots to 10% of the sample and are listed opposite their Pu-239,
240 counterparts., Pertinent information relative to the analysis is
footnoted. The ratio of Pu-239, 240 by radlochemical analysis to
the field monitor value is given in the last ,c_.olhmp_. To be meantng-
ful, any radiochemical or field monitor value &m 0-to-1 dpm/total
semple was arbitrarily assigned a l=-dpm value for the ratio calcu~
lation. In such instances, the ratio was preceded with a computer
approximate sign (CA).

The field positions of physical samples were well dozumented

and an attempt was made to correlate some of the data by event as follows:
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{1) Doubletracks: In general,deposition contours determined
from radlochomtcall analyses of aluminum collectors and deposition
films agreed with those established by alpha fleld surveys. A mod-
erate amount of activity was detected, howaver, outside .the contour
of the P and R arcs as far as Station 068 on the right side, The
Casella and Andersen disc numbers showed mixed results with regard
to their internal system, In some instances, the plutonium content
decreases progreasively with successive stages, but often the sec-
ond and third stages have values higher than the first, Uranium-to—
pl{xtonium ratios were somewhat erratic and were hlqher- than expected
The uranium content does not follow the plutonium in many cases,
particularly in values from far out arc locations. Radiochemical-to-
fleld monitor plutonium ratios were within a factor of unity in gen-
eral with deviation orders of magnitude in either direction for many
analyses, Particularly noticeable were the high ratios of some alum-
inum collectars and deposition films,

{2) CleanSlate I: Deposition contours wers determined from
deposition films and agreed in general with contours from alpha sur-
vey readings, Moderate activity appeared outside the conteur on
Arc H as far as Stations 024 on the left and 038 on the rtgh,t.' ~Tt_ye
Casalla‘s and Andersen's showed most of the activity to be co;acen—
trated in the first impactor stage followed by a decrsase of activity
with successive stages. Uranium=to-plutonium ratios were erratlc)
but,in general, lower than those in the Double Tracks event. Radic-
chemical-to-fiald monitor plutonium ratios were usually within a

factor of unity. A few exceptions were apparent, but orders of
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magnitude deviations were much less frequent than in Double Tracks.
(3) Clean Slate 1: Deposition contours determined from Arcs

.8 to L deposition {iims and aluminum collectors are consistent with
alpha survey readings. Deposition data from Arcs E and F showed
moderata activity cutside the contour at stations 014 and 090 res-
pectively, Activity data from the Casella's and Andersen's resem-~
bled that of the Clean Slate [ event. Also,uranium-to-plutonium
ratios were similar to those of Clean Slate I. Radiochemical-to—
field monitor plutonium ratios were similar to Clean Slate I.

{4) Clean Slate IIl: Deposition contours were determined
from Arcs B to L deposition films and were consistent with alpha
survey readings. Moderate activity appeared outside the con-
tour on Arc B as far as Station 100. The Casella and Andersen
data followed the pattern cf Clean Slate I and II.

Uranium-to~-plutonium ratios were similar to those of Clean
Slate I and II. Radiochemical-to~field monitor plutonium ratios
were consistent within a factor of five ofunity, except in Arcs E to
L and some sotl fractions, both of which contained values rang-
ing from 2 tc 500.

3.4 MISCELLANEQOUS DATA

Estimated Activity Expenditure: Table E.8 contains a
data listing, by arc location, of estimated plutonium activity

losses of project 2.6C “A" samples. "A" samples refer to those
Casella's and Andersen's whose first and second stages were com-
bined for particulate analyses and later transferred to this projsct

for radiochemical analysis. Therefore, to obtain a better value for the
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*A" samples,each value {n Table F.8 should be added to its counter~

part in Tabies E.1 to £.5.

Distilled Water Samples: Tables E.9 trrough E.11 contain the pluton-

fum and uranium data for the distilled watyr samples, Tables are lis-
ted by evant and data by arc location. All Pu values are given as
dpm/total sample volume, In general, leach filtrate values decreased
with successive leaches except for the last lsach which spanned a
greater time period, Particularly interesiing, with rrspect to pluton-
ium solubility, are the high values for aliquots in which Pu was ex-
tracted at neutral pH. The residues of five glass bottles in which
water samples were stored were found to cor.ain 1 to 22% of the activity
of the original contents,

Tracer Standardization: Table T.12lists the results of isotopic

dilution and exhaustive plating analyses of solutions containing Pu-
239 and/or Pu-236. Good acreemeni ‘mong analyses is apparent
from the standard deviation column,
3.5 CONTROL DATA

Biological: Table E.13 contains Roller Coaster plutonium quality
control data .isted by Rochester colleciion numbsr with comespond-~
ing TLW analysis number. All the data are reported as dpm
Pu-239, 240/total sample. Also included are yield and counting
time for each analysis, The samples were blanks or : piked sam-
ples, and the data indicate the latter since few show less than
99 dpm/total sample.

Table E.14 contains TLW internal plutonium and uranium qual-
ity control data listed by TLW analysis number and samgie type.

All the data, excepting three Pu values, are near the detection

limits of the measuring instument. The base values for tha three
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excoplions show less than 1 cpm and are nou considered significant,
Simulated blanks of beef liver and hamburger were analyzed, early
in the program, for plutonium content and found tc contain less
thaf. 1 dpm, The data was not recorded since it provided little
usaful information.

2hysical: Table E.15 contains Roller Coaster plutontfum control
data listed by arc location with corresponding TLW collection and
analysis number, All values are the results of investigation of
sample aliquoting by partial dissolution-~extraction methods or
analyses of solutions forwarded by the Roller Goaste g, i rea team,
All the data are reported as dpm Pu-239, 240/total sample for soil
samples and dpm/ml for solutions, Partial dissolution would ap-
pear to a valid procedure based on the small amounts of activity

left in the residue. The solution activity range from 0.01 to

4.84 x 10° dpm/ml,

Table E.16 contains TLW internal plutonium and uranium qual-
ity control data listed by TLW analysis number and sample type.
All the laboratory blanks were near the detection limits of the meas-~
uring instrument. Analysis of a sample (previously analyzed in our
mass spectrometer) for Pu~239, 240 content, using our low and
high level Pu-236 standards, reconfirmed the Pu-236 standardiza-
tion values, Mass spec values are given for comparison in the
remarks column,
3.6 DATA SUMMATION

Biological: Table E.17 contains a tabulation of all the biologi-
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cal analyse#. Data are listed by animal and tissue type. A total
of 744 plutonium and 87 uranium analyses had been performed at
the coaclusion of the project.

Physical: Table E.18 contains a tabulation of all the physical
analyses. Data are listed by event and sample type. A total of
2607 plutonium and $98 uranium analyses had been performed at -

the conclusion of the project.
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CHAPTER 4
CONCLUSIONS AND LABORATORY RESULTS

4+, 1 CONCLUSIONS

The conclusions on the data generated in 5.2/5, 3b projects are
limited tc sample processing and surface inspection of the resuits,
siace, in regard to the latter, it is the function of the evaluation
team to intecpret the significance of the data, The following are
cpplicable to our projects:

(1) All samples received for analysis have been inventoried
and accounted for,

(2) Adequate procedures for sample processing and accurate
analysis were developed,

(3) Facilities and personnel were fully utilized to maintain
the desired production schedule,

(4) The requirements of the referee team were not unduly res-~
trictive and have been met in most instances,

{5) Tracer techniques were employed and found to be highly
satisfactory.

(6) Most of the plutonium in the tissue biological samples
was concentrated in the G, I, Tracts of the dogs and lungs of the
burros. Metabolism samples from sheep eliminations ranged from

1

approximately 10" to 104 dpm per sample,

(7) Double Tracks animals showed higher Pu content than Clean
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Slate Il animals. Only three sheep luag samples from Clean Slate II
contained appreciable amounts of plutonium,

(8) Plutonium data of the physical samples is fairly coneist-
ent with that of alpha field surveys and field monitor values with
some deviations noted.

(3) Uranium values are erratic in some instances and do not
necessarily follow the plutonium values,

{(10) Casella and Andersen samples are fairly consistent tn_
showing an activity decrease with successive stages. Deviations
are occasionally noted in the second and third stages where values
are higher than expected,

4,2 LABORATORY RESULTS

The results listed below pertain to our laboratory experiment
with the biological and physical samples. Several improvements
were made and others are suggested,

(1) Biological samples were difficult to identify since fluids
from the animal had often obscured the writing on the paper-type
tag. The sample should be doubly wrapred in poly bags by sealing
the sample in one bag and covering with another. The outside bag
should then be labeled witl, a Dymo punch. The double bag would
also prevent samples from freezing together, necessitating complete
thawing before processing.

(2} Many of the samples were heavy in iron content and a rap-
id method for removing this element was needed, Experiments with
a nitrated ion-exchange column resulted in a procedure superior to
hexone extraction in all phases.

62

CONFIDENTIAL




{3) Tho large biological samples usually required a lengthy
thawinj period before they cc;uld be cut, even with an electric knife,
It 1s desirable to eliminate the thawing process entirely since it con-
sumes an analyst's time; a special heating setup is required, spread
of contamination is a risk, and overpowering odors develop. An elec-
trically heated knife {s now on the market and all reports indicate it
would cut the frozen samples easily,

(4) The urine samples were collected on Kimpachhich con~
tawned large amounts of dirt, The dirt seems to have an affinity for
the plutonium in the urine, and extraction procedures had to be em~
ployed to obtain a good yield. A method of collection to eliminate
the dirt would be desirable,

(5) Several samples had to be reworked to obtain better yields,
At first, all the tailings were scavenged for missing plutonium; how-
ever, experience showed 95% of this activity was always in the
2qusous discard of ths first extracticn. It iz not economically feas-
ibie to spend time scrounging for the remalining 5%. -

(6) The bio}ogxcal samples occupied relatively large amounts
of space and had to be kept in a frozen state over a l‘o'r'\g period of
time. An cversized, walk-in freezer, adequately 'l.lghbt-ed', is recom-
mended fnr ¢asy access to samples and sequential handling.

{7) Fluorimetric analysis for uranium may be performed directly
on the dissolved sample. However, experience has shown quench-
ing occurs if the sample i{s not chemicaily pure. Three extractions

at the start, to remove interfering ions, is recommended.
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(8) Uranium, as plutonium, is lost during chemical processing
and ShOuld be yielded, Use of U-233 tracer, or analysis,in dupli~
cate with one part containing a spike of uranium standard is sug-
gested. The latter was employed in this project.

{9) Acid dissolutions in large volume are extremely corrosive
to all types of metal hoods and exhaust systems, Even coating the
metal with an acid resistant paint is only a temporary cure, Several
other types of hoods and blowers have been investigated since the
start of the project, and a polypropylene system with an internal
scrubber appears to offer the best performance, Resistance Lo nor-
mal hot plate temperatures and all acids, including HCIO‘, is touted
by vendors of these hoods and blowers, The scrubber system is

needed to remove noxious acid fumes and to wash out potentially ex~

plosive collections of nitrate and perchlorate dust mixtures, A
movable safety shield should be installed in each hood, wit, above

normal ventilation, to remove the copious quantities of acigj fumes
being generated. -

(10) Near the midpoint of the project a computer program was de-
veloped to incorporate adu.tionai information such as samples, yields,
counting times, etc, This method of reporting provided rfqr npld trans -
scription of new data to tabular form, reducing the delays of fyplng,
proofreading, and copying. I is recommended to institute the com-
puter program at the start to save the typing elfort,

{11) The bonus benefit of the cupferron - CHCI3 portion of
partial dissolution procedures may be its application to water and
urine analyses , The cupferron - CHCI3 extraction process,primarily in-
dependent of sample pH, may be the best method for determining solu-
bla plutonium content of a water-algae~dirt solution,
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{12) The quality of the plated sample is extremely important to
the validity of the data, A plate which has a scum on it, isbent,
scortned, or scratched may distort the alpha spectrum to & point where
the results are marginal, In addition to the radiochemical purification
techniques mentioned earlier, it was determined that good plate qual-

ity most often resulted from proper flaming. The plate should be thor~
oughly washed with triple distilled H,O and flamed at high temperature
over a Fischer burner for two minutas and the process repeated oncs,
Flaming with methanol is not deurable)as it will sometimes produce
plates with a white scum,

(13) Dissolution of the biclogical samples as rapidly as pos-~
sible is recommended since freazer failure is always a possibility.
Samples can be stored for purification at a later date,

(14) In future projects of this type, it might ba expedient to
analyze biological samples in order of animal number and physi-
cal samples by arc location. This should reduce the many man
hours that were expended in cross referencing animal numbers aud
arc locations with TLW f{icld and analysis numbers,

{1S) Near the end of the project an opportunity arose to com-
parz plutonium spectra of platinum with stainless-steel-mounted
samples. Two hundred stainless steel plutonium mounts were
counted, using coli.mation and a plutonium standard mounted on
stainless, In general, the stainless mounts showed well defined
peaks but a broader base,indicating a loss of resolution, Also,
tne Pu-236 and Pu-239 alpha peaks of the stainless samples oc-
curred at a lower energy, showing a 3 to 7 channel shift downward

for each isotope.
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(16) The final measurement in tha radiochemical analysis
for Pu-23_9*;1_s taken irom tho alpha spectrum of the electrodeposi-
ted sample, The sample Pu-239 and Pu-238 activity must be
matchad to the Pu-236 tracer to pravent interference between
peaks.

In tracer techniguaes for Pu~-239 analysis, the accuracy of the
results are only as accurate as the standardization of the Pu-236
tracer. It is recommended that the value of cpm per dpm per unit
volume of racer be accurately and precisely determined, for the
detector .0 be used in obtaining alpha spectra of the final sample
plates, It is also recommended r~at specifications be set up for
quality control and preventative maintenance procedures for the
detector and electronic equipment; and methods of spactra inter-
pretation, These should be rigidly designed to assure good resolu-~
tion of the aipha puaks. Detector backgrounds should be rigidly
controlled at a predetermined level by frequent detector background
muns and limiting the total amount of activ.ty allowad in the de-
tector. Recounting or rework of the sample should be done, as

required, t¢ adhere to the specifications.
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APPENDIX A
DETAILED LOCATION OF PHYSICAL
STATIONS

' 2'0" min

Saction A-A
e —
1 27 O"

Concrete Wal)

1' High : |
3 | B
S -
9 0° red  11' o=

12° 6"

Center Line of Steel Arch

. N

Section A-A
m

|
| R 38* 4=

Concrete Wall [' High .
3' 0" rad 6' 0" rad
} AL + A

26"
enter Line of 1
- Steel Arch

|
|

0 4 8 1216
L ]
SCALE FBET
Figure A.1 Clean Slate igloos.

67

CONFIDENTIAL
|
|
|
|
|
|
|
|




2,500

¢ O—

o— —

q e e ] vie|vle |V elwle|w Qo o T
1
H+
pebet q{d 4

ok 43—

@ Total Air Semplers - M '
4 Cascade Inpactors - 25
€ Sticky Plates - 40

Figure A.2 Fixed svrface instrument array (-~-2,000 to + 2,500 feet).
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DOUBLE TRACKS
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‘Figure A.8 Details of balloon curtain at 50,000-foct radius.
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APPENDIX B
RADIOBIOLOGICAL, RADIOCHEMICAL, AND
PHYSIOCHEMICAL PROCEDURES FOR pyu™,
PU | AND URANIUM IN VARIQOUS SAMPLES

Pu-239 DISSOLUTION PROCEDURE CASELLA

IMPACTOR DISC*

l. Place Casella impactor glass disc in an appropriate size teflon beaker (Note a).

3. If the sample monitors <4000 alpha cpm, add Pu-236 tracer aliquot
before adding sample, If 24000 alpha -cpm, the dissolution is
done tracer free, the solution diluted to an accurate volume to
obtain a final acidity of 6NHNO;, a small aliquot is pipetted into a
40m! centrifuge cone, and an appropriate amount of tracer is added,
2. Add enough fuming HNO3j to wet all of the sample. Heat on a hot plate
until the sample has dissolved,
3. Remove from hot plate and add about 6 ml 78 percent HCl04 for every

i00 m! fuming HNOj added in step 2. Heat on hot plate until exothermic

reaction begins. Remove beaker from hot plate and allow reaction to

proceed, controlling it by the addition of 11010 m] portions of fuming HNO

3
pouring acid carefully down wall of beaker {note b},

b. At times the reaction ceases and the solution turns black, This is
caused by the supply of fuming HNO3 becoming exhausted and is
remedied by addition of more acid,

4. Remove the glass disc with teflon forceps and rinse with IN HNO3-

INHF adding washings to teflon beaker {note c).

C. If a white residue remains on the disc, »

IN HNO3

inse twice more with the

- IN HF solution adding washings to teflon beaker, If the
sample does not contain any insoluble material at this point omit
steps 5 through 8,

5. Add 10 ml HF and evaporate to wet dryness. Do not allow sample to

bake dry at any time during the procedure. If sample contains appreciable
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Pu-239 DISSOLUTION PBOCEDURE CASELLA (2)

IMPACTOR DISC*

amounts of dirt, repeat HF treatment at least once,
6. Add 4 ml saturated Hy;BO4 and boil for 3 minutes,
7. I residue remains, wash with portions of warm 6_!5 MNO3 until it disesolves.
8. Transfer any undissolved residue to the teflon beaker quantitatively
with HN(J3 washes and repeat steps 5, 6,and 7,
9. Transfer the solution to a 40~ml centrifuge cone and proceed with atep

1 Pu-239 Purification Procedure.

* If yranium analysis is required, transfer the sample, after dissolution,
into an appropriate volumetric flask and dilute carefully to the mark with
Hzo. Pipct an appropriate aliquot into a centrifuge cone and save for
uranium analysis. Evaporate the remainder of the volumetric solution to
low volume, transfer to a 40-ml centrifuge cone, and proceed with step 1
Pu-239 Purification Procedure.
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Py-239 DISSOLUTION PROCEDURE 7 AIR

FILTER®*

1. Place the sample or aliquot in a suitably sized pyrex beaker (note a)
or teflon beaker if sample is small.

a. If the sample monitors < 4000 alpha cpm, add Pu~236 tracer
aliquot before adding sample. If >4000 alpha cpm, the dis-
solution is done tracer {ree, the solution diluted to an accurate
volume to obtain a final acidity of 6N HNO3 a small aliquot is
pipetted into a 40 ml centrifuge cone, and an appropriate amount
of tracer is added.

2, Add enough fuming HNO3 to wet all of the sample. Heat on a hot plate
until the sample has dissolved.

3. Remove and add about 10 ml 78 percent HC104 for every 100 ml furning
HNO3 added in step 2, Heat on hot plate until an exothermic reaction
begins. Remove beaker from hot plate and allow reaction to proceed,
controlling it by the addition of 1to 10 ml portions of fuming HNO,, pouring
acid carefully down wall of beaker (note b).

b. At times the reaction ceases and the solution turns black. This
is caused by the supply of fuming HN03 becoming exhausted and
is remedied by addition of more acid,

4. Transfer the contents of the beaker to a teflon beaker (note c) by means
of a transfer pipet. Wash the beaker with several 6N HN03 washes,
scrubbing the sides and bottom with a polyethylene policeman. Perform
at least two washes with 3-ml aliquots of 1IN HNO3 ~ IN HF.

¢, If started in teflon, omit step 4 but add a few ml HNO,;. I the
sample does not contain any insoluble materjal at this point,
omit steps 5 through 8.

5. Add 10 ml HF and evaporate to wet dryness. Do not allow sample to
bake dry at any time during the procedure, If sample contains appreciable
amounts of dirt, repeat HF treatment at least once.

6. Add 4 ml saturated H,BO, and 8 ml HNO, and boil for 3 minutes.

If residue remains, wash with portions of warm 6'I_‘J_ I»{NO3 untii it dissolves.
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Pu-239 DISSOLUTION PROCEDURE AIR (2)

FILTER
8, Transfer any undissolved residue to the teflon beaker quantitatively *
with HNO3 washes and repeat steps 5, 6, and 7,
9. Tranafer the solution to a 40-ml centrifuge cone and proceed with step |

Pu-239 Purification Procedure.

* If uranium analysis is required, transfer the sample, after dissolution, into

an appropriate volumetric flask and dilute carefully to the mark with HZO'
Pipetan appropriate aliquot into a centrifuge cone and save for uranium analysis.
Evaporate the remainder of the volumetric solution to iow volume, transfer to a

40-ml centrifuge cone, and proceed with step 1 Pu-239 Purification Procedure.
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Pu-239 DISSOLUTION PROCEDURE ANDERSEN

SAMPLER DISC*
1. Place Anderscn sampler glass <isc in an appropriate size teflon braker

{Notc a).

a, If the sample monitors <4000 alpha cpm, add Pu-239 tracer zliquot
beforc adding sample. U > 4000 slpha cpm, the dissolution 19 done
tracer {rce, the solution diluted to an accurate volume to obtain
a final acidity of 6N HNOJ. a small aliquot is pipetted into a 40-ml
centrifuge cone, and an appropriate amount of tracer is added.

2. Add enough fuminy {0, to wet all of the sample. Heat on a hot plate
until the sample has dissolved,

3. Remove from hot plate and add abqut 6 ml 78 percent HCIO4 for every
100-ml fuming HNO, added in step 2. Heat on hot plate until exothermic
reaction begins. Remove beaker from hot plate and allow reaction to
proceed, controlling it by the addition of 1 to 10 ml portions of {fuming HNOJ.
pouring acid tarefully down wall of beaker (note b).

b, At times the reaction ceases and the solution turns black. This is
caused by the supply of fuming HNO, becoming exhausted and is
remedied by addition of more acid.

4, Recmove the glass disc with teflon forceps and rinse with IN HNO3 -
IN HF adding washings to teflon beaker (note c).

c¢. If a white residue remainas on the disc, rinse twice more with the
IN HNO3 - 1N HF solution adding wayhinés to teflon beaker. I the
sample does not contain any insolubl‘e"mate.ﬁal at this point omit
steps 5 through 8.

5. Add 10-ml HF and evaporate to wet drvness. Do not allow sample to
bake dry at any time dur-ng the procedure. If sample contains appreciable
amounts of dirt, repeat HF trzatment at least once.

6. Add 4 ml saturated H,BO, and 8 ml HNO3 and boil for three minutes.

7. U residue remains, wash with portions of warm Aqua Regia until it dissolves.
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Pu-219 DISSCLUTICN PROCEDURE ANDERSTN _ (<)

SAMPLEIR DISC*
3, Transfer any undissolved residue to the teflon beaker quantitatively with
H,.\XO3 washes and repeat steps 5, 6, and 7,
9. Trensfer the solution to a 40 ml centifuge cone and proceed with step |

Pu-239 PURIFICATION PRNOCEDURE .

* If uranium analysis {s required, transfer the sample, after dissolytion, into

an appropriate volumetric flask and dilute carefully to the mark with H,QO. Pipet
an appropriate aliquot into 3 centrifuge cone and save for uranium amfysls. Evap-
crate the remainder of the volumetric solution to low volume, tzasfer to a 40-ml
centrifuge cone, &nd proceed with step 1 Pu-239 PURIFICATION PROCEDURE.
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Py-239 DISSOLUTION PROCEDURE TOTAL Alr

SAMPLE: =

1. ~Place the sample or aliquot in a suitably sized pyrex Secaker {(note a)
or teflon beaker if sample is small,

a. U the sample monitors <4000 alpha cpm, add Pu-236 tracer ali-
quot before adding sample. If >4000 alpha cpm, the dissolution
is done tracer free, the solution diluted to an accurate -olume to
obtain a final acidity of 6N HNO3 a small aliquot is pipetted into
a 40-ml centrifuge cone, and an appropriate amount of tracer 1s
added.

2. Add 1/3 volume fuming HNO}' boil to dryness, and char. Repeat until
only small amount of carbon is left (the sample will dussolve but not de-
compose in fuminag HNO.’»)'

3. Remove from hot plate and add about 6 ml 78 percent !--ICIO4 for every
100-m1l fuming HNO3 added 1n step 2. Heat on hot plate until exothermic
reaction begins. Remove beaker {rom hot piaie and ailow reaction to
proceed, coatrolling it by the addition of 1to 10 ml poruons of fuming
HNO}, pouring acid carefully down wall of beaker (note b).

b. At times the reaction ceases and the solution turns black. This
1s caused by the supply of fumiag HNO_.,' becw ming exhausted and
is remedied by addition of more acid.

4. Transfer the contents of the beaker to a teflon beaker (note ¢) by means
of 4 transfer pipet. Wash the beaker with several 6] HNOl"uh“. scrub-
oing the aides and bottom with a polyethylene police man.. Perform at
least two washes with 3-ml aliquots of 1¥ HNO, - INHF

€. U atarted in teflon, omut step 4 but add a few ml HNO,- If the
sample does not contaio any inscluble material at this point, ormit

steps 5 through 8.
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Pu-239 Dissol.tion Procedure Total Air (2)

Sampler

5. Add i0 ml HF and evaporate to wet dryness. Do not allow sample to
bake d;‘y *t any time during the procedure. If sample contains appreciable
amounts of dirt, repeat HF treatment at least oncs.

6. Add 4 ml] saturated H;BO and 8 ml MNCJJ and boil for 3 minutes.

3
7. U residue remains, wash with portions of -varm 6N HNOj; until it dissolves.
8. Transfer any undissolved residue to the teflon beaker quar‘itatively

with HNO, washes and repeat oteps 5, 6, and 7,
9. Tranafer the solution to a 40-ml centrifuge cone and proceed with step

1 Pu2)9 Purification Procedure.

* If uranium analysis is required, transfer the sample, after dissolution, into
an appropriate volumetric flask and dilute carefully to the mark with H,0.
Pipet an appropriate aliquot into 2 centrifuge cone and save for uranium analysis.

Evaporate the remainder of the volumetric solution to low volume, transfer to a
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Pu-239 DISSOLUTION PROCEDURE

TOTAL AIR DISPOSABLE

P ————— ———— e en

SAMPLER »

Flace the sample or aliquot in a suitably sized pyrex beaker {note a)
or teflon beaker if sample is s mall.

a. U the sample monitors < 4000 alpha cpm, add Pu-236 tracer
aliquot before adding sample. If >4000 alpha cpm, the dis-
solution is done tracer free, the solution diluted to an accurate
volume to obtain a final acidity of 6N HNO a small aliquot is
Pipetted into a 40~ml centrifuge cone, and ;n appropriate amount
of tracer is added,

Add 1/3 volume fuming HNO,. Boil on a hot plate to dryness and.char,
Repeat once and take up in 1/3 volume fuming l-INO3

Remove from hot plate and add about 10 m] 78 percent HCIO for
every 100 ml fuming HNO Heat on hot plate until an exot.hernuc
Treaction begins. Remove beukcr from hot plate and allow reuc:iscn
to proceed, controlling it by the addition of 1 to 10 ml portions of
fuming HNO,, pouring acid carefully down wall of beaker (note b).

b. At times the reaction ceases and the solution turns bla k.
This is caused by the supply of fuming l-vll‘«!O3 becoming
exhausted and can be remedied by addition of more acid.

After the reaction has subsided, add 5 rnl H SO and 10 ml HNO
dryr L cpsai, Take up with 10 mi fuming rwcu-.
Repelt the evaporation and take up with another 10 ml of fuming
H.NO3. Boil solution to approximately 5 ml (note c).

€. If insoluble sulfates are present transfer solution to a
centrifuge cone and centrifuge. Save the supernate and wash
the residue with 6N HC). Add the washings to the supernate.
Discard the residue.

Transfer the contents of the beaker to a teflon beaker (nots d) by
means of a transfer pipet, Wash the beaker with several 6 N l'!?NO3
washes, scrubbing the sides and bottom with a polycthylens policeman
Perform st lesst two washes with 3 ml aliquots of IN l-INO3 - IN-HF.

83
CONFIDENTIAL




Pu-239 DISSOLUTION PROCEDURE TOTAL AIR DISPOSABLE (2}
SAMPLER »

d. If started in teflon, omit step 5 but add a few ml HNOS.
If the sample does not contain any insoluble material at
this point, omit steps 6 through 9.
6. Add 10 ml HF and evaporate to wet dryness. Do not allow sample
to bake dry at any time during the procedure. If sample coatains
appreciable amounts of dirt, repeat HF treatment at least onca,

7. Add 4 ml saturated 1{3303 and 8 ml HNO3 and boil for 3 minutes.

8. If residue remains, wash with portions of warm 6N I-INO3 until it
dissolves.

9. Transfer any undissolved residue to the teflon beaker quantitatively
with HNO3 washes and repeat steps 6, 7, and 8.

10. Transfer the solution to a 40-ml centrifuge cone and proceed with

step 1Pu-239 Purification Procedure,

# If uraniwn analysis is required, transfer the sample, after dissolution,
into an appropriate volumetric flask and dilute carefully to the mark with
HZO' Pipet an zppropriate aliquot into a centrifuge cone and save for

uraniurn analysis. Evaporate the remainder of the volumetric solution to

low volume, transfer to a 4C-ml centrifuge cone, and proceed with step 1
Pu-239 Purification Procedure.
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Pu-239- DISSOLUTION PROCEDURE SEQUENTIAL
o AIR SAMPLcR *

1. Place the umple‘c‘:r aliquot in a suitably sized pyrex beaker (note a)

or teflon beaker if sample is small,
8. 1f the sample monitora £ 4000 aipha cpm,add Pu-23¢ tracer aliquat
. before adding sample. If > 4000 alpha cpm, the disgolution ia
done tracer free, the solution diluted to an accurate volume to
obtain a final acidity of 6N HNO, a small aliquot is pipetted into a
40-m] centrifuge cone, and an appropriate amount of tracer is
added.

2. Add enough fuming HNO; to wet all of the sample. Heat on a hot plate
until the sample has dissoilved.

3. Remove from hot plate and add about 6 ml 78 per cent HC1O, for every
100 m1l fuming HNO3 added in step 2. Heazat on hot plate until exothermic
reaction begins, Remove beaker from hot plate and allow reaction to
proceed, controlling it by the addition of 1tc 10 ml portions of fuming HNO,,
pouring acid carefully down wall of beaker (note b).

b, At times the reaction ceases and the solution turns black. This is

cauvaad he tha =uppln of fuming HN hacamin

Q_ hacaming exhausted and is
y of fumin g HNQ, bec g -

remedied by addition of more acid.
4. Transfer the contents of the beaker to a teflon beaker (note c) by means
of a transfer pipet. Wash the beaker with severalSN HNO, washes, s=rubbing
the sides and bottom with a polyczthylene policeman.: Perform at least
two washes with 3 ml aliquots of IN HNOj3 - 1N HF,
c. If started in teflon, omit step 4 but add a few ml HNO3. If the sample

does not contain any insoluble material at this point, omit steps 5

through 8.
5. Add 10-mi HF and evaporate to wet dryness. Do not allow sample to

bake dry at any time during the procedure. If sample contains appreciable
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Pu-239 DISSOLUTION PROCEDURE SEQUENTIAL (2)

6,
7.

8.

9'

AIR SAMPLER

amounts of dirt, repeat HF treatment at least once,
Add 4 ml saturated H3303 and 8 ml HN03 and boil for 3 minutzs.

If residue remains, wash with portions of warm 6N HN03 until it
disaolves,

Transfer any undissolved residue to the teflon beaker quantitatively
with HNO, washes and repeat steps 5, 6,and 7.

Transfer the solution to a 40-ml centrifuge cone and proceed with step

1 Pu-239 Purification Procedure,

#If uranium analysis is required, transfer the sample, after dissolution, into

an appropriate volumetric flask and dilute carefully to the mark with HZO.

Pipet an appropriate aliquot into a centrifuge cone and save for uranium analysis.
Evaporate the remainder of the volumetric solution to low volume, transfer to a
40~-ml centrifuge cone, and proceed with step 1 Pu-239 Purification Procedure,

»*The sequential tape is cut into equal sections. In order to monitor the various
sections, unroll the tape carefully and pass the exposed side uader a sensitive
lab detector. Record on the chemical processing form"activity levels and/or
physical spots on the tape. Cut the tape into appropriate sections.
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FILM

Pu-239 DISSOLUTION PROCEDURE DEPQSITION

1.

COLLECTOR™
Place the sample or aliquot in a suitably sized pyrex beaker (note a) or

teflon beaker if sampleis small.

a. If the sample monitors <4000 alpha ¢cpm, add Pu-236 tracer ali-
quot before adding sample. If >4000 alpha cpm, the dissolution
is done traccr frce, thc solution diluted to an accurate volume to
obtain a final acidity of 6N HN03, a small aliquot is pipested into
a 40-ml centrifuge cone and an appropriate amount of tracer added.
Add 3 ml CHSOH. ignite, and cover b- uker with a speedy vap. After burn-
ing is completed, cover residue with fuming HNO, and boil to wet dryness.
Repeat the fuming HNO3 - evaporation step. Take up in approximately

1/4 volume fuming HNO}.

Remove and add about 10 ml 78 percent I-ICIO4 for every 100 ml fuming
HNO;, added in step 2. Heat on hot plate until an exothermic reaction be-
gins. Remove beaker from hot plate and allow r'eaction to proceed, con-
trolling it by the addition of 11010 ml portions of fuming HNO,, pouring
acid carefully down wall of beaker (note b).
b. At times the reaction ceases and the solution turns black. This is
caused by the supply of fuming HNO4 becoming exhausted and is

remedied by addition of more acid.

Transfer the contents of the beaker to a teflon beaker (note c¢) by means
of a transfer pipet. Wash the beaker with nevefal.6§ HNO, w3ishes, scrub-
bing the sides and bottorn with a polyethylene policeman. Perform at

least two washes with 3 ml aliquots of IN HNC - l_lji-IF and heat on hot

3
plate.

c. If started in teflon, omit step 4 but add a few ml HNO,- If sample

does not contain any insoluble material at this point, omit steps
5 thxough 8.
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FILM
Pu-239 DISSOLUTION PROCEDURE DEPCSITION ()
COLLECTOR
5. Add 10 ml HF and evaporate to wet dryness. Do not allow sample to

bake dry at any time during the procedure. If l;rnple contains appreciable
amounts of dirt, repeat HF treatment at least once.

6. Add 4 ml] saturated H3803 and 8 ml l—{NO3 and L0il for 3 minutes.

7. If residue remains, wash with portions of warm 6N HNO; uati] it
dismlves.
8. Transfer any undissolved residue to the teflon beaker quantitatively

with HNO; washes and repeat steps 5, 6 and 7.
9. Transfer the solution to a 40-ml centrifuge cone and proceed with step

1 Pu-239 Purification Procedure,

% if yuranium analysis is required, transfer the sample, after dissolution, into

an appropriate volumetric flask and dilute carefully to the mark with H,O.

Pipet an appropriate aliquot into a centrifuge cone and save for uranium analysis.
Evaporate the remainder of the volumetric solution to low volume, transfer

to a 40-ml centrifuge cone, and proceed with step 1 Pu-239 Purification Procedure

J
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Pu-239 CHEMICAL PROCEDURE LICUID

.0.)

WAIZER *

A-Filtered Aliquot

*Determine the pH of the sample with a Beckman pH meter.

Pipet a 25-ml aliquot of the clear liquid onto a millipore filter aad
aliow the solution to drain thoroughly into an appropriate container.
Do not wash the filter.

Pipet 1 ml of the filtrate into a 40-tnl centrifuge cone and save, for
the determination of uranium.

Add an apprepriate amount of tracer to remaining filtrate.

Add 10 ml HNO, znd 1 ml HC1O, and boii to HCIO fumes. Cool and
transfer to a 40~ml tube., Proceed with step 1 of Pu-239 Purificatioa

Procedure.
B-Ex.cacted Aliquot

Stir the sample and pipet a representative 25-ml aliquo* into a 16-ounce
plastic bottle. .Adjust the pH slightlv with NH“OH to offset the acidity
(6N ) of the tracer in the next step.

Add an appropriate amount of tracer to the sample aliquat.

Proceed with step 1 of Extraction Procedure using 5 ml neutralized

NHZOH' HC1 and 25 ml CHCI3 portions for extractions,
C-Total Sample

Pour sample into a large teflon beaker and wash the container with
HZO adding washing to the beaker., Add an appropriate amount of

b

tracer,
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Pu-239 CHEMICAL PROCKDURE LIQUID {
- ' - WATER *

[

2. Boil to low volume and add 150 ml fuming HNO, and 25 ml HClO,.

3
Boilto HCIOQ fumes.

3. Add 50 ml] fuming }-INO‘3 and 10 ml HF. Boil to low volume and add
1 to 2 ml sat. H3803 and 10 ml HNOJ. Boil to approximatsely 5 ml and
transfer to 40-ml centrifuge cone. Proceed to step 1 of Pu-239

Purification Procedure.
D-Glass Bottle Decontamination

1. Rinse the container from Part C, above, three times with hot Aqua
Regia and pour the washing into a large teflon beaker.

2, Rinse the battle with I N HNO, -~ IN HF adding the rinse to the Aqua
Regia wastes. Rinsewith H,0 and add washes (0 beaker.

3. Add an appropriate amount of tracer, then proceed with step 2, part C

above.
E-Millipore Filtec

1, Remove the millipore filter from Part A above, or Part G below, care-
fully with forceps and place in a small teflon beaker. Add an appropriate
amount of tracer,

2. Add 75 ml of fuming HNO, and 15 ml HCIO,. Boil to HCIO, fumes and

proceed with step 3, Part C ahove,
F-Centrifuge Supemate

1, Stir the sample and pipet approximately 25 mlinto a 40-ml centrifuge cone.
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Fu-239 CHEMICAL PROCEDURE LIQLID

WATER
-
2. Centrifuge and pipet 1 ml of the supernate onto a labeiled stainlcss
steel disc and evaporate to dryness under a heat lamp.
3. Place in metal container and submit for 2 Tl counting.
G- leached Supernate
i, Stir the sample and quickly pipet a 25l aliquot onto a millipore

filter and allow the supernate to drain thoroughly into an appropriate
container.

2. Remove the filter with forceps, place in a beaker containing a meas-
ured volume of 0. IN HCl. Stir intermitteatly for a measured period

and pour the solution onto a fresh filter and catch the {iltrate in another

| container,
} 3. Repeat step 2 combining filters for measured periods up to 48 hours.
i . ' 4. Pipet a 250 A aliquot from each filtrate fraction onto a labelled stainless
steel disc and evaporate to dryness under a heat lamp.
5. Place in a meta) container and submit for 27T counting.
| 6. Pipet a l=ml aliquot, from selected filtrate fractions, into a 40-ml

centrifuge cone and save for uranium analysis.

|
*]f yranium analysis is required, transfer the sample, after dissolution,
into an appropriate volumetric flask and dilute carefully to the mark with
H, O Pipet an appropriate aliquot into a centrifuge cone and save for
uranium analysis. Evaporate the remainder of the volumetric solution to
low volume, transfer to a 40-ml centrifuge cone and p:oceed with step 1
Pu-239 Purificatioa Procedurs,
|
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ALUMINUM
Pu-239 DISSOLUTION PROCEDURE (&5 zms so1l)

COLLE S 0K *

1. Add sampie to a suitably sized teflon beaker (note a). Add 3Q m] HF and
10 mi HN03. After initial exothermic reaction has ceased, o1l to dryness
(or until spattering starts),
a. If the sample monitors << 4000 alpha cpm, add Pu236 tracer aliquot
before adding sample. If 2»4000 alpha cpm, the dissolution is
done tracer free, the solution c?iluted to an accurate volume to
obtain a final acidity of GQHNO:, a small aliquot is pipetted into a .
40-ml centrifuge cone, and an appropriate amount of tracer is
added,
2. Repeat HF treatment until no change in the sample crud is perceived.
3. Add 30 ml HC1O,4, 10 ml HNO;, and 10 ml HF. Boil to strong fumes
of HClO,;. Remove from hot plate and cool,
4, Rinse down the sides of the beaker with 61:1_HNO3, add 3 ml H3803 and boil
to low volume. Take up in 6N HNOj and heat gently.
S. If a residue is still present, centrifuge, add 20~ml portions of
6N HNOj to residue and warm. (Watch for bumping!) Combine
washings and supernate if all residue has dissolved {note b},
b, A residue which persists will sometimes dissolve with repeatea
Hot Aqua Regia treatment {maximum 3). If this treatment fails,
put sample into a flagk and add 1/3 volume fumning HNO,. Add
H50 and shake vigorously, vent'ng flask periodically.
6. If residue still remains, centrifuge, and repeat steps 2 through 5 on
th + residue (note c).
€. A trace of hard silica final remains lor some samples, The amount

of activity associated with this residue was found to be insigunificant.
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Pu-239 DISSOLUTION PROCEDURE ALUMINUM (LS gms soili(2)

COLLECTOR*

7. Transfer the solution from step 5 to a centrifuge cone and proceed with step

1 of Pu-239 PURIFICATION PRCCEDURE.

»l{ wranmium analysis is required, transfer the sample, after dissolution, into
an appropriate volumetric flask and dilute carefully to the mark with H.O.
Pipet an aszropriate aliquot into a centrifuge cone and save for uraniumi analy-
sis. Evaposate the remainder of the volumetric solution to low volume, trans-

ges to a 40-ml centrifuge cone, and proceed with step 1 Pu-239 PURIFICATION
PROCEDURE,

93

CONFIDENTIAL

X | -




Pu=-239 DISSQLUTICN PRCCEDURL ALUMING ..~

1

COLLECTCRS®
1, Add sample to a sultably sized teflon besker. Rinse container with IN
HNO3 - HF and add to sample (note a.) Add 20 ml HF for each 5 grams of soil.
After initial exothermic reaction has ceased, boil to dryness (or until spatter-
ing starts).
a, If the sample monitors <4000 alpha cpm, add Pu-234 tracer ali~
quot before adding sample. If 24000 alph cpm, the dissolution
is done tracer free, the soluti~n diluted to an accurate volume to
obtain a final acidity of 6N HNO,, 2 small aliquot {s pipetted in-
to a 40 ml centrifuge cone, and an appropriate amount of tracer is
added.
2. Repeat HF treatiment until no change in the sample crud is perceived.

3. Add 30 ml HC104, 10 ml HNO3, and 10 ml HF. Boil to sttong fumes of
cho4. Remove from hot plate and cool,

4. Rinse down the wall of the beaker with 6N HNO, and Sat. H,BO, and boil
to low volume. Take up with 50 m]l HCl and boil with repeated additions until
HNO, is gone {note b).

b. Avold low volume,as excessive foaming and swelling will occur,

5. Cool and transfer the solution to a poly bottle (250 to 500 ml depending ou the

sample size) and proceed with step 1 Pu=-239 EXTRACTION PROCEDUERZXE,

* If yranium is required, withdraw a representative aliquot after dissolution and
spike it with a known amount of standardized uranium (duplicate the extraction
procedure with this aliquot), Tcansfer the remaining sample into a volumetric flask
after extraction, and dilute to mark with HZO' Pipet an appropriate aliguot into a
centrifuge cone and save for uran:um analysis. Evaporate the remainder of the
volumetric solution to low volume, transfer to 3 40-ml centrifuge cone, and pro-
ceed with step 1 Pu-239 PURIFICATION PROCLCDURE.
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Pu-239 DISSOLUTION PROCEDURE VEGETATION

SAMPLES *

1. Remove the sampie from its polyethylene bag and place in a 600 o 800-
ml beaker. Rinse the plastic bag with HNO, and add the washings

to the beaker,

2, Pipet an appropriate amount of Pu-236 tracer and add enough HNO3

to cover the sampic. Heat gently and boil the solution to a small
volume,

3. Cool the solution and add 56 ml fuming nitric aad 50 ml HCIO“ .
Heat gently unti] the vigorous exothermic HCAO4 reaction starcs.
Remove the beaker from the hot plate and allow the reaction to go

to corapletion.

4. Fume the solution to a small olume and transfer to a centrifuge
cone.
5. Centrifuge and decant the supernate into the dissolution beaaer.

Leach and decant the residual sand several times with hot HNOS.
Centrifuge each leach, combining superaates (acte a). **
a. Save the residue for extraction of residual plutenium in

the event of a low sam-l, yield,
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Pu-239 DISSOLUTION PROCEDURE VEGETATION (2}

SAMPLES »

6. Evaporate the combined supernates to a small volume and continue
with step 1. Pu~239 PURIFICATION PROCEDURE (note b).
b. If heavy insoluble salts eccur after evaporation proceed

with step 1 Pu-239 EXTRACTION PROCEDURE »**,

* If uranium analysis is required, transfer the sample, after dissolution
into an appropriate volumetric flaskyand dilute carefully to the mark with
H,O. Pipet an appropriate aliquot into a centrifuge cone and save for
uranium analysis. XKvaporate the remainder of the volumetzic solution

to low volume, transfer to a 40-ml centrifuge cone, and proceed with step
! Pu-239 Purification Procedure,

®x If yranium is required, withdraw a representative aliquot after dissclution
and spike it with a known amount of standardized uranium (duplicate the
extraction procedure with aliquot). Transfer the remaining sample into a
volumetric flask after extraction, and dilute to mark with H,C. Pipet an
appropriate aliquot into a centrifuge cone and save for uraniom analysis.
Evaporate the remainder of the volumetric solution to low volume, transfer
to a 40-ml centrifuge cone, and proceed with step 1 Pu-239 PURIFICATION
PROCEDURE.
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Pu-239 DISSOLUTION PROCEDURE SOIL (&5 gms)

QAMPLLS ?
1. Add sample to a suitably sized teilon beaker {note a). Add 30 ml HF and
10 mi HNOS. After initial exothermic reaction has ceased, boil to dryness
{or until spattering starts).
a, If the sample monitors < 4090 alpha cpm, add Pu236 tracer aliquot
before adding sample. If > 4000 alpha cpm, the dissolution ie
done tracer free, the solution diluted to an accurate volume to
obtain a final acidity of 6N HNO3 a small aliquot is pipetted into a
40~m1l centrifuge cone, and an appropriate armount of trace. is
added.
2. Repeat HF treatment until no change in the sample crud is perceived,
3. Add 30 ml HCIO,, 10 ml HNO,, and 10 ml HF. Boil to strong fumes
of HC104. Remove from hot plate and cool.

4. Rinse down the sides of the beaker with éN HNOB. add 3 ml H,BO, and boil

3773
to low volume. Take up in 6N HNO, and heat gently.

5. If a residue is still present, centrifuge, add 20~ml portions of
6N HNO3j to residue and warm, (Watch for bumping!) Combine
washings and supernate if all residue has dissolved (note b).
h. A residus which persists will sometimes dissvive with repeaied
hot Aqua Regia treatment (maximum 3). If this treatment fails,
put sample into a flask and add 1/3 volume fuming HNO;. Add
H,0 and shake vigorously, venting flask periodically.
6. If residue still remains, centrifuge, and r_epést.c_tcps 2 through S on
the residue (note ¢). |
c. A tr;ce of hard silica final rermains for some.samples. The amount

of activity associated with this residue was found to be insignificant.
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Pu-239 DISSOLUTION PROCEDURE SOIL (<5 gme) (2)

SAMPLLS

7. Transfer the solution from step 5 to a centrifuge cone and proceed with

step 1 of Pu-239 PURIFICATION FROGEDURE,

F1f uranium analysis is required, transfer the sample, after dissolution, iato
an appropriate volumetric flask and dilute carefully to the mark with Hzo-

Pipet an appropriate aliquot into a centrifuge cone and save for uranium analy-
s\t Evaporate the remainder of the volumetric solution to low volume, trans-

fer to a 40-ml centrifuge cone, and proceed with step 1 Pu-239 PURIFICATION
PROCEDURE.
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Pu-239 DISSCLUTION PRCCEDURE SQIL 2 %

SAMPLES*
. 1. Add sample to & sultably sized t2.ion beaker. Rinse container with IN
.,,HNO3- HF and add to sample {(note a.). Add 20 ml HF-HNOJ for eacn
S gms of soll, After initial exothermic reaction has ceaxed, boil to cry~
ness (or until spattering starts).

a. If the sample honitors <4000 alpha cpm, add Pu-236 tracer
aliquot before adding sample, If »4000 alpha cpm, the dis-
solution is done tracer free, the soluticn diluted to an accur~
ate volume to obtain a final acidity of 6N HNO3 a small ali-
quot is pipetted into a 40-ml centrifuge cone, and an ;ppmprt-
ate amount of tracer is added.

2, Repeat HF treatment until no change in the sample crud is perceived.

3. Add 30 ml HCIO,, 10 ml HNO3, and 10 ml HF, Boil to strong fumes of
HClO4. Remove from hot plate and cool,

4. Rinse down the sides of the beaker with 6N I-INO3 and Sat, H38036nd boil

to low volume. Take up with 50 ml HCl and boil with repeated additions

until HNO3 is gone (note b.).
b, Avoid low volume as excessive foaming and swelling will cgcur,
3. Cool and transfer the solution to a poly bottle (250 to 500 ml depending on
sample size) and procead with step 1 Pu~239 EXTRACTICN PROCEDURE.

* If uranium is required, withdraw a representative aliquot after dissclution and
spike i with a known amount of standardized uranium (duplicate the extraction
procedure with this aliquot). Transfer the remaining sample into a volumetric
flask after extraction, and dilute to mark with H,O. Pipet an appropriate aliquot
into a centrifuge cone and save for uranium analysis, Evaporate the remainder of
the volumetric solution to low volume, transfer to a 40~ml centrifuge cone, and

' proceed with step 1 Pu-239 PURIFICATION PROCEDURE.
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Pu-.‘.7397 DISSOLUTION PROCEDURE HhA LLOON

WIRE SWirE =

Place the sample oraliquot in a suitably sized pyrex beaker (note a; or
teflon beaker if sample is small,

a. If the sample monitors 4000 alpha ¢pm, add Pu-236 tracer alic.iot
bufore adding sample. If >4000 alpha ¢pm, the dissolution is donc
tracer frece, the solution diluted to an accurate volime 10 obtain o
final acidity of 6N HNO3 a small aliquot is pipcticd into a 40-ml
centrifuge cone, and an appropriatc amount of tracer is added.

Add  enough fuming HNO, to wet all of the samplc. Heat on a hot plate
until the sample has dissolved.
Rumove and add about 10 ml 78 percent HC1O, for every 100 ml fuming
H.\'O3 added in step 2. Hceat on hot plate until an exothermic rcaction
bcg'ms. Remove beaker from hot plate and allow reaction to procccd,
controlling it by the addition of 1 to 10 mi portions of fumang H.\‘O3 pouring
acid carefully down wall of beaker (note b).

b. At times the reaction ceases and the solution turns black. This is
caused by the supply of fuming HN03 becoming exhausted and is
remedied by addition of morc acid,

Transfcr the contents of the beaker to a teflon beaker (note c) by means

of a transfer pipet. Wash the beaker with several 6N HNO, washes, scTub-
bing the sides and bottom with a polyethylene policeman, Perform at least
two washes with 3 ml aliquots of 1IN HNO3 - IN HF.

c. If started in teflon, omit step 4 but add a few ml HN03. I the
sample does not contain any insoluble matcrial at this point, omit
steps 5 through 8.

Add 10 ml HF and evaporate to wet dryness. Do not allow sample to

bake dry at any time during the procedure. If sample contains appreciable
amounts of dirt, repeat HF treatment at least once.

Add 4 ml saturated H3503 and 8 ml HNO3 and boil for 3 minutes.

If residue remains, wash with portions of warm 6N I-INO3 until it dissolves.
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Pu-239 DISSOLUTION PROCEDURE BALLOON (2)

WIRE SWIPE *

8. Transfer any undisscolved residue to the teflon beaker quantitatively
with HNO ; washes and repeat steps 5, 6, and 7,

9. Transfer the solution to a 40-ml centrifuge conc and proceed with step
1 Pu-239 Purification Procedure,

* If uranium analysis is required, transicr the sample, after dissolution, into
an appropriate volumetric flask and dilute carefully to the mark with H 70.
Pipet an appropriate aliquot into a cencrifuge cone and save for uraniuni
analysis, Evaporate the remainder of the volumetric solution to low volume,
transfer to a 40-ml centrifuge cone, and proceed with step 1 PU-239 Purification
Procedure.
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Pu-¢39 DISSOLUTION PROGEDURE , ANIMAL

ll

BONE*
Flace the sample in an appropriate corningware oven dish, cover and dry
at 110° C overnight, Transfer dish to a muffle furnace and ash at 600°C
overnight,
Remove, cool, and grind thr bone ash with a glass stirring rod or pestle,
Nissolve the pulverized ash {n concentrated HCI at low heat on the hot

plate (note a).

a, ! miore than a trace of Insoluble material is present, the following

steps must be performed,
(1) Decant solution into a beaker. Transfer solld residue to a
platinum dish. Evaporate to dryness under a heat lamp,
(3) Add @t least 3 times the amount of residue) solid NGZCO3.
Fuse at 900°C in a muffle furnace for 10 minutes,
(2) Dissolve in HCI and transfer to sample beaker, Continue
with step. 5,
Transfer the solution to a poly bottle{2 liter acid bottle for large bones),
with a transfer pipet,

| S

"A'I-.-L. (3 T TR L S T TY ¥ 3 b e A 4 Ty
Qo wuIcT LML AT VWALIL I

. ~ - A . A3 se = o
b LU HMaLWCU nul aila auu wasn
bottle.

Proceed with step 1 of the Pu-239 EXTRACTION PROCEDURE.

* If uranium is required, withdraw a representative aliquot after dissolution and
spike it with 3 known amount of standardized uranium {(duplicate the extraction
procedure with this aliquot). Transfer the remaining sample into a volumetric
flask after extraction, and dilute to mark with H,O. Pipet an appropriste aliquot
into a centrifuge cone and save for uranium anal{¥sis. Evaporate the remainder of

the volumetric solution to low volume, transfer to a 40-ml centrifuge cone, and
proceed with step 1 Pu-239 PURIFICATION PROCEDURE.
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SMALL( <2 ounce)
ORGANIC TISSUE*

- 1, Remove the {rozen sample {rom its polyethylene bag and plaece in 8 small
(250 ©2 400 ml) beaker. Rinse the plastic bag with HNO, and add the wash~
ings to the beakar,

2. Pipet an appropriate amount of Pu-236 tracer and add enough HNO4 to
cover the sample. Heat gently and boil the soiution to a small volume.

3, Cool the solution and add 50 ml fuming HN03 and 50 ml HCIO‘. Heat
gently untll the vigorous exothermic HCIO‘ reaction gtarts. Remove the
beaker from the hot plate and allow the reaction to go to completion.

4, Fume the soiution 0 & small volume and transfer te a centrifuge cone.

S. Proceed with step 1 Pu~-239 PURIFICATICN PROCEDURE.

* If uranium analysis is required, t-ansfer the sample, after dissolution, into
an appropriate volumetric flask and dilute carefully to the mark with H_ O,
Pipet an appropriate aliquot into a centrifuge cone and save for uranium analy-
sis, Evaporate the remainder of the volumetric solution to low volume, trans-
fer 10 a 40-ml centrigue cone, and proceed with stsp 1 Pu-239 PURIFICATION
PROCEDURE,
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_f‘_u-239 DISSOLUTIQN PROCEDURE MEDIUM (2 ounces to 2 pounds)
ORGANIC TISSUE *

1, Remove the {rozen sample from its polycthylene bag and place in an approp-
riatc size beaker. Rinse the plastic bag with HNOJ and add the washings to
the beaker.

2. Add an appropriate amoupt of Pu-236 tracer and encugh MNOJ to cover the
samplc. Hceat gently and boil the solution to a low volume.

3. Cool and add enough HZSO4 to raise the level of solution in the beaker to
approximately 1 inch. Heat gently until a vigorous reaction starts, then
remove from the hot plate unti] the reaction subsides.

4, Fume this solution (black liquid) to a gmall volume and heat with HNOs
until the solution turns red and f{inally clears. Add fuming HNO, and HC IO‘
and fumc to a small volume. Add HZSO" and fume to low volume to drive off
the HCIO“ (note a).

a. HCIQ forms explosive mixture with cupfcr:on-CHClJ recagent,
added later to extract plutonium and uranium {from precipitated
salts, and must be removed.

5. Cool, transfcr the solution to a poly bottle (250 to 500 mi depending on sample

, and procead with sicp 1 of the Pu-239 Extraction Procedure,

* If uranium is required, withdraw a representative aliquot after dissaution

and spikc it with a known amount of standardized uranium (duplicate the ex-
traction proccdure with this aliquot). Transfer the remaining samplc into a
volumectric flask after extraction, and dilute to mark with H,0. Pipet an appro-
priate aliquot into a centrifuge cone and save for uranium analysis. Evapor-
ate the remainder of the volumetric solution to low volume, transfer to a 40~ml
centrifuge cone, and proceed with step 1 Pu-239 PURIFICATION PROCEDURE.
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Pu-239 DISSOLUTION PROCEDURE LARGE ( > Z pemds)

ORGANIC TISSUE ¢

Remove the frozen sample {rom its polyethylene bag and allow it to thaw for

4 {ew minutes uader a heat lamp. U the sample shape or sise is such that

it will not {it in the bottom half of a four-liter beaker, cut the sample into
appropriate sections and place sach section in a separste beaker. Rinse the
plastic bag with HNC)3 and add the washings to the beakar,

Add enough HZSO‘ to completely cover the sample. Pipet an appropriate
amount of Pu-236 tracer (within a factor of five of the expected sample activ-
ity but a minimum of 15 dpm) into each beaker and add approximately 5 grams
KVZSO‘1 and 2-3 drops Hg metal. Spray the sample with Dow-Corning Ant.-
foam A silicone defoamer.

Attach the stem of an inverted 6-inch funnel to a Ting stand and clamp aod
lower the fuanel mouth into the beaker. Secure a {ew inches above the sample.
Digest the sample gently with low heat until a black tarry mixture is obtained.
Increase the heat gradually and reflux until the mixture is a clear solution.
The tarry mixture will turn to a black jelly, black liquid, red liquid, and
finally, a clear solution. Raise or lower the fuanel during dissolution to
contrel the reflux acticn. Wash dowan any carbonaceous material on the beaker
and funnel walls with HZSO{

Evaporate the HZSQ‘ until salts start forming. _Remove the funnel and add

HN03 cautiously to cool the solution. If the -uﬁplo had been divided iato
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Pu-239 DISSQLUTION LARGE (>2 pounds)
ORGANIC TISSUE*

sectigns for the dissolution, combine the sections into one beaker and
evapcrate to low voiume, Cool, transfer the sample with water to 8 2~

liter acid bottle, and proceed with step 1 Pu~239 EXTRAC1IOR PROCEDURE.

* If yranium {s required, withdraw a representative aliquot after dissolution
and spike it with a known amount of standardized uranium (duplicate the ex~
traction procedure with this aliquot}), Transfer the remaining srample into a
volumetric flask after extraction, and dflute to mark with H,O. Pipet an ap-
propriate aliquot into a centrifuge cone .ad save for uranium analysis, Evap-
orate the remainder of the volumetric solution to low volume, transfer to 2

40-ml centrifuge cone, and proceed with step 1 Pu-239 PURIFICATION PRO-
CEDURE.
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Pu.239 DISSOLUTION PROCEDURE METABOLISM

SAMPLES *

1, Place the sample in a 4-liter beaker, rinsing the container with HzO
and HNOJ. Add an appropriate amount of Pu-236 tracer,

2. Cover the bezker witha speedy-vap and boil to wet-dryncss on a hot
plate., Cover the sample with I«INO3 and boil to low volume,

3. Add 100 to 200 ml furning HNO, and cautiously evaporate the solution to
wet dryness (note a).

a. At near dryness, ignition occurs and the residue carbonizes.

4. Cool and rinse ths speedy-vap and the sides of the beaker with ap-
proximately 100 ml HNOS. Add 75 ml and HCIO4 and fume the mixture
to dense HCIO“ furnes to destroy residual organic matter.

5. Add 200 ml H,50, and fume the mixture tc low vwlume to drive off all

the HCIO‘. Cool and transfer to a 2-liter acid bottla.

€. Continue with step 1| Pu-239 Extraction Procedure.

* If Uranium is required, withdraw a representative aliquot affsr dissolution
and spike it with a known amount of standardized Uranium (duplicate the ex-
traction procedure with this aliquot), Transfer the remaining sample into 2
volumetric {lask after extraction, and dilute to mark with H,0. Pipet an ap-~
propriate aliquot into a centrifuge cone and save for uranium analysis. Evap-
orate the ramainder of the volumetric solution to low volume, transfer to a 40
ml ceatrifuge cone, and proceed with step I Pur239 Purification Procedure.
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Pu-239 REWORK PROCEDURE PLATED

DISCS

1. Trans{er the mounted Plutonium sample to & small tefloa baaker. Add
20 mi fuming HNO3 and 10 ml HF and boil 10 low volumae,

2. Remove disc with teflon forceps and rinse with IN HNQ3 = 1 N HF adding
washes to beaker,

3. Dry the disc under a heat lamp and check for residual activity. Repeat
stripping process if significant activity is detected,

4, Boil solution to wet drynes., add 10 drops of H_.’BO1 and 2 ml H’.‘NOS.

and boil to wet dryness.

5. Tranasfer the sample to a glaas beaker with 6 N HND, aud proceed with

k]
step 4 of the Pu-~239 Purification Procedure,
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Pu.239 EXTRACTION PROCEDURE

1. Dilute the sample (note a) contained in poly or acid bottle, to 2/3
volume with HZO' Add an appropriate amouat of Sat. NHZ OH * HCl
and CHCI3 (note b;. Stir at high speed with 3 mechanical stirrer for
a few minutes, Add 50 to 300 ml 6% cupferron reagent and stir again
at nigh speed for 5 minutes.

a. The sample solution must be in approximately 1N HCI {ree
of NO,™. Boil soiution in HC1 if necessary and dilute with
HZO.

b. Large tissues ~ 100 ml 3at. NHZ OH - HCl, 150 ml]. CH"'.:I3

Medium tissues - 50 ¢ " " 100ml. "
Large Soils - 10w v " " S50 ml. "
Small Soils - L " " 25 ml. "

2. Centrifuge to separate the phases. Add a few drops of aerosol solution

to reduce foaming between layers. Transfer the CHCl3 phase, using
a trausfer pipet to a 400-ml beaker. Repeat the extraction, without
the addition of more cupferron, until the CHCI3 phases are colorless.
3. Boil the CHCl3 colleciions 10 low volume, (approximately 3 ml) aad allow
the contents to cool. Rinse the walls of the beaker with HNO, and boil
to approximately 3 ml. Repeat the rinse with fuming Hm3 and boil to
low volume (avoid dryness) (note c).
c. Repeat fuming HNQ4 cycle for soil samples until solution

turns a clsar red color.
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Pu-239 EXTRACTION PROCEDURE {2)

5.

Add 25 ml fuming HNC)3 ¢+ 25 mi HCIO,. Cautiously heat uatil an
exothermic HCIOQ reaction begins. Remove the beaker {rom the hot
plate and allow the reaction to go to completion.
Fume the HCIO‘ to low volume (note d). Cooi the solution aad transfer
with water washes to & centrifuge cone,

d. A white residue often appears at this point in large bone

samples. Repeat the extraction in this event.

Continue with Step 1 Pu-239 PURIFICATION PROCEDURE.
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Pu-239 PURIFICATION PROCEDURE

3 unless

1. To the sample contained in a centrifuge cone, add 10 mg Fe'
the sample is known to contain that much. Digest in a hot water bath for
10 minutes and carefully add 19N NaOH (pellets may be required if the vol-
ume is tog large) until the soluticn is basic (note a). Add 3 ml saturated
N;2003 and digest in & hot water bath 10 minutes. Cenirifuge and decant

supernate to waste. Dissolve the precipitate in HNO, and diluia to ap-

3
proximately 15 ml.

a, Do not make the solution too basic,as Fe is amphoteric,

2. Make the solution basic with NH4OH and digest the precipitate in a hot
water bath for 10 minates. Centrifuge and decaat the supernate to
waste. Wash the precipitate twice with 10-ml portions of H, O coon-
taining 1 drop NH40H‘

3. Dissolve the precipitate in a minimum of HNO3 and add 5 ml 6N HNO3
(note b).

b. An insoluble brown precipitate sometimes persists if iron is
present in excess. However, during the HCl1 column additioas
in steps 5 and 6 this precipitate dissolves, changing from brown
to blue green. Additisn of more HCI {inally desiroys the biue
green color.

4. Prepare a 100 to 200 mesh Dowex 1-X 10 resin column by adding approxi-
mately 1/2 inch of Tesin to a tubulated glass column, 12 qnm I.D. and
85 mm in l:agth, containing a Dacrou wool plug at the bottom. Insert
another plug at the top and precondition the column with 10 m] 6N HN03-

5. Pour the solution from step 3 onto the column. Wash the centrifuge
tube with 20 ml 6N HNOy followed by 10 ml HCl and add the washings
to the column.

6. Allow the column te drain and elute the plutonium iato a 50-ml beaker
with 30 ml of freshly prepared HCI-NHJ (approximately 50 mg NH]I per 30
ml HCI).
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Pu-2?% PURIFICATION PROCEDURE (2)

7.

Evaporute the alute to approximately 2 ml and add 2 mi HNOJ to destroy I.
Add 3 ml HCIO4 and evaporate tc wet dryneas, Repeat with 5 ml Aqua
Regia.
Take up the residue in 1} mi HCl and evaporate to dryness. Do not
bake. Rotate the beaker to insure complete dryness. Add 2 ml HCI,
boil to 1 ml and transfer to a prepared electroplating cell (note c).
Rinse the beaker with two 1/2-m]l HCl washea and one 1/2-m] water
wash. Transfer ecach wash to the plating cell {note d) and proceed
with step 1 of Pu-239 ELECTROPLATING PROCEDURE.
c. The platinum disc and anode must be ireed of any grease
film by rinsing several times with acetonec and alcohol.
Write the sample identification on the back of the disc.
Ignite to red heat in a Fisher burner flame. The electro-
plating cell must be clcan and frec of any forcign mater-
ial. Check for leakage before use.
d. Keep the plating solution at minimum volume during this

transfer and also during the titration.
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_Pu-239 ELECTROPLATING PROCEDURE

1.

20

3.

4.

5.

Adc. drop methyl red indicator. Add NH,OH dropwise until the
indicator shows the solution to be basic {yellow). Add 2N HCl
dropwise until the solution ie just acid, Add 1 drop in excens.
Place the sarnple on a Sargent-Slomin electrolytic analyzaer.
Adjust the rotating anode to approximately 1/4 inch above the
platinum disc. Plate for 20 minutes at a starting current of

2.5 amp and approximately 5 volts. The current may fluctuate
during the plating period. Check occasionally and adjust the
current to maintain 2,6 amp throughout the plating operation.

At the end of the electroplating period, add 1 ml NH,OH. Stir

for 15 seconds. Turn off the current and stirrer. Remove the
anode from the plating solution.

Immediately transfer the plating solution iato the beaker used

for evaporation, Rinse the inside of the plating cell 3 times

with water washes. Combine the washes with the plating solution
in the beaker,

Dismantle the plating cell and remove the platinum disc. Rinse
wita alcohol and ignite the disc to red heat.

Place disc in a lined and labeled tin box and submit for alpha pulse

height analysis,
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URANIUM EXTRACTION FROCEDURE

1.

Divide the aliquot sct aside for uranium determination into two equal
pcrtiom“,and transfer to an appropriate glass beaker. Add ao appropriste
uranium spike (for yielding) to one portion (note a).

a. I the aliquot is taken from a cup(crron-CHCLJ extraction sample,
do not spike or divide it. Analyze concurrently with the aliquot
spike prior to extraction.

Evaporate the solution to low volume and dilate to 5 ml with 2N HNO,.
Traunsfcr to a centrifuge cone and saturate with NH“NO3 cryatals.

Add 10 ml hexone and stir athigh speed for 5 minutes. Transfer the hexone
layer to a fresh centrifuge cone.

Repeat step 3 twice with £~-ml additions of hexone and combine organic
phases.

Scrub the hexone phase twice with a saturated solution of NH4NO to

3
remove Pu and other heavy elements and discard aqueous phase.

Back extract the uranium twice with two 5-ml aduitions of water and
transier the aqueous phases to a 50-m] glass beaker., Bail to wet dry-
ness, add 5 ml Aqua Regia, and boil to wet dryness, Repeat Aqua Regia
step (note b).

b, Aqua Regia destroys residual hexone and NH4N03 which may be

carried through the back extraction.

Take up solution in 6N HNO3 and proceed with step 1 Fluorimetric
Determination of Uranium (note c).

c. If the fluorimetric analyses is delayed, store the solution in

conceatrated HNO3.
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FLUQRIMETR!C DETERMINATION CF URANIUM *

1, Evaporate the sample to | m} and transfer to a platinum fusion dish
e (note a ) sesting on a Nichrome wire screen-ring holder. Evaporate
the sample to drynese under a heat lamp.
a. The fusion dishes are formed from satin {inish 90% Pt-10%
Ir alloy discs (0.015 inch thick by 0,748 X 0,00} inch diametar) in a
special forming die (0.750 inch digameter). The new dishes are cleaned
and HNO | and then

4 3
rinsed thoroughly in water and digtilled water, They are then

by boiling in a l-to-l mixture of H,SO

fused twice with NaF-LiFF {lur and washed before their initial
use.

2. Start a blast burner and by regulation of the air supply, etabilize the
flame to 800°C. Poasition the dish holdez above the flame, add 1/2 gm
NaF-LiF Flux (note b) to the dish and ignite to \ bright red heat for
3 minutes (note c). Allow to cool in place for 15 minutes and transfer
to a 12-hole uranium dish container, Traasfer the dish to a calibrated
Jarrell-Ash fluorimeter (note d),withiv: 2 hours and record the milliampe.
Convert reading to p gram per total sample using a calibrationcurve
(note e) and calculation factors.

b. The flux powder from which pellets are formed for fusion is
composed of 98% NaF-2% LiF mixed intimately. This is made
up in une-pound batches in order to insure uniformity in day-to—
day use. A satisfactory bath of fiux will show 0.010 ug or less
per 0.5-gram pellet. The purest NaF available gives 0.003pg.

The pellets are formed in a TLW pellet-maker, fabricated from

115

CONFIDENTIAL




E‘L’US)RXMETRIC DETERMINATION OF URANIUM (2)

pyrex glass, and adjusted to celiver 2 0,50 + 0.0l grain

pellet. The pellet-maker is gently preseed for about ten

tumes into the {lux powder container, and a spatula is used

to flatten the bottom of the pclict,

The {lux will melt within one minutc 1f the flame 18 correctly
adjusted and the {usion is continued for three minutes after

the last of the flux has melted. At the end of the fusion, turn
off the air and gas simultancously.

The Jarrell-Ash fluorimeter is operated and maintained accord-
ing to the supplied manual. To prepare for a senes of readings,
push the receptacle slide to the {ront stop. The instrumwcal
reference source is now under the ultraviolet light and the
meter carcuit is switched to the 0.001 scale. The voltage

is adjusted 80 as to give a reading of 100 divisions. Adjust

the reference to zero and enter blank and read. Remove

blank, enter sample, and record reading. Check reference
reading between cach sample and zero ii necessary. Record

all necessary data.

The flurometer is calibrated prior to sample analysis and

daily thereafter. The inatial calibration is performed by analyz-
ing 100 A spikes of standardized uranium solutions. The
standard uranium solution used for spiking and standard measurement
ranges from 0.050 to 8.24 g 0308 ml. These concentrations

are aliquoted to allow readings on the {luorimeter to be made on

the 0.001-1 scale. A calibration curve is plotted from the scale
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P!.UOR!METRIC DETERMINATION OF URANIUM

{3

Teadings. Dlanks wilii the multipher phototube operating at

about 400 voltr show a typical reading as {ollows;

Scale 0.001 Inetrument standard
set on 100 div.
Blank: 0.019 divieions or
0.006 pg

Daily calibrations are performed by analyzing 100 N spikes of

0.973 and 1. 46 pg UJC'8 per m] standardized uranium solutions.

If the initial and daily calibration curves are mismatched a new

calibration curve is prepared as in Step 2.

Remove the dish from the fluorimeter and discard the fluoride pellet.
Clean the disc by boiling once in 0. IN HCI, twice in Hzo,nnd, fusing

with NaF-LiF flux. Repeat acid and wi e¢r trestment, rinse with H,Q,

ready for the next sample.

* The senaitivity of this mathod is 0,001 pg of Uy Reproducibility

is approximately 5%.
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Pu-l3c ALDHA TIiAVCEZ{ ] PRODUCTION

The production of Pu-236 is accomplished by deuteron bombardment of
U235 in an accelarator by the following reaction:
U-235% (d, n) Np-236

Np-236 _22hr o o

In order to obtain Pu-236 free of Pu-238 and Pu-239, the U-235 must
be 99+ percent pure.

The deuteron energy should be between 12 to 17 mev. The target ie
U-235 foil about 200 mg/cm? thick and with an area of approximately 1 inch
square, depending on bearn size. This is about one gram U-235,

After bombardment, the Np-236 is allowed to decay and Pu-236 milked
off by appropriate chemical procedures.

Since {issionable material is being irradiated, the target must be
sandwiched with alurninum foil. It is desirable to have a scaled target con-
taining an inert atmosphere and naving its own water cooling lines.

The surrounding foil means a deuteron enecrgy of about 25 mev is

required, this being degraded by the foi] to the 12 to 17 mev rangs.

118
CONFIDENTIAL




~3 .

Pu-236 ALPHA TRACER PREPARATION AND

1.

) A ESTING

236

When a new stock of Pu 18 received, transfer the solution to a 50-mi

lusteroid cone and add ~5 mg La"J and ~5 myg FG*J.

Make the solution basic with NH,OH. Let stand 3 minuteos and
centrifuge. Wash the hydroxides with 10 ml water. Discard the
supernate and wash. Dissolve the hydroxide in 3 drope of HNO,.
Dilute to 10 mi with water. Heat the solution for 3 minutes on a 75° C
water bath. Add 20 mg NaHSO; a little at a time, to insure complete
reduction. Continue (o heat for 5 minutes. Add 10 drops HF with
stirring, and heat for a few minutes. Cool and ceutrifuge. Wash the
LaFy with 2 ml IN HC1-IN HF. Discard the supernate and wash.
Slurry the LaF3 in | ml saturated HyBO, and heat on a 75° C water
bath for & few minutes. Add 1 ml HCl and | mil water and continue to
heat on the water bath to obtain a clear solution. Dilute to 10 ml with
water, Addma@ mg Fe'ﬂ.

Repeat steps 2, 3, and 4. Do not add Fe to the repeated step 4.

Add NH,OH to precipitate La(OH);. Digest in 3 kot water bath for

a few minutes. Centrifuge, and wash the precipitate with 5 ml water
containing 1 drop NH,OH. Discard the supernate and wash.

Dissolve the La (OH)y in 1 ml HCl and 2 drops HNC3. Heat the solution
for 3 minutes in a hot water bath, Cool the solution in an ice bath,

and saturate with HCl gas. Allow to come to room tamperature.
Transfer the solution to a prepared Dowex AG 1-X8 (100 to 200 mesb)
column, Prepare an eluting soiution containing 15 ml HCl and }/2-ml
HNO,4. Rinse the tube with several 1-ml portions of this solution,

Transfer these washas to the column, Wash the column with the
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Pu-2%0 Moha Tracer Preparation and (2

10.

11,

12.

13.

14.

i esnng

remaining solut:on in 2-ml portions. Wash with 15 ml HCl in 2-ml
portions. Discard the effiuents and washes,

Prepare an eluting solution containing 20 ml HCl and 75 mg NH4i. Elute
the Pu from the column into a 50-ml beaker with 2-ml portions of this
soiution, allowing the first 2-ml portion to pass through. Add the
second 2-ml portion and plug the top of the column with a piece of
pressure-sensitive tape for 5 minutes. Remove the tape and continue

to elute in 2-ml portions. Pass through 6 ml of HCl in 2-ml portioas.
Evaporate the solution in the 50-ml beaker just to dryness with addition
of HX03 in order to drive oif all iodine. Take up the activity in 6N HCL.
Transfer the activity to a polyethylene bottle using 6N HC) washes.

Add sufficient 6N HCIl to give a concentration of w3000 dpm per ml.
Transfer the contents of the 3000 dpm per ml concentrated stack
solution to an appropriate size glass beaker, Add 10 mg Fe ¥ 3, 4ml
H,80;, ande~2 ml HCIO,. Evaporate to SO, fumes.

Wash the sides of the beaker with HCl and evaporate to near dryness.
Take up in 1~2 ml HCl and transier ic & 40—:‘;1 centrifuge cone with

Hzo + HCl washes.

Ppt Fe:(OH)3 with NH,OH and centrifuge. Wash ppt with H,0 containirg
a {ew drops NH4OH and ceptrifuge. Dissolve the Fe(O}{)3 in a few drops
H2NO3 and dilute to 5 ml with 6N HNO;. Addewl/2-rml saturated NaBrO,
solution. h

Warm on hot water bath a few minutes. Saturate the soiution with
NH4NO, crystals, add 5 ml hexone and stir with a mechanical stirrer

3 minutea. Repeat hexone extraction twice adding Sat. NaBrO, and more

NH4NO, crystals as necessary.
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* 15,

16,

17,

18.

19,

20,

21.

P e e .

Pu-236 Alpha Tracer 7 Prepsration and 3
. Testing

Wagh the hexone phases by stirring with 5-ml 6N HNO, for 1 minute
and discard the washes. Back extract the Pu with three 5-ml
additions of 0. IN HNG3. Transfer the aqueocus phase to a 50-ml
glass beaker.
Add 10-ml HCI and boil to wet dryness. Repeat HCI addition and
evaporation twice. Take up with 10-ml 6N HCl. Transfer contents to
250-ml poly buttle, and dilute toa50 ml with 6N HCI.
Add one ml of Con HC1O, and cap tightly, The activity value should

beass. 4 x 103 dpm/iml. Label R.C. Pu23®

Master Stock Solution.

Pipet exactly 10 ml of the R.C. Puz“' Master Stock Solution into &
2000-m1l volumetric flask and add 10 ml Con HCl1Q4. Dilute to the mark
with 6N HCl.

Transfer the solution (not quantitatively) into eight clean, dry 250-mi
poly bottles and cap tightly. The activity value should bens22 dpm/ml in
each poly bottle. Label R.C. Pu??® Low Level Stock Solution., Circle
caps and botties with green label on tape.

Pipet exactly 200 ml of the R.C. Fu?3® Master Stock Soluticn into

a 2000-ml volumetric flask and add 10 ml HCIO4. Dilute to the mark

with 6N HCl.

Transfer the solution (not quantitatively) into .eight clean, dry 250-ml
poly bottles and cap tightly., The activity»«\n.luc_“lhould berv 440 dpm/ml.
Label R.C. Pu?3® High Level Stock § .iution. Gircle capo and bottles

with red label on tapa.
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Pu-236 ALPHHA TRACER i} STANDARDIZATION

1.

2,

3.

4,

5‘

BY EXHAUSTIVE PLATING

Pipet 1 ml each of R.C. Pu®3® 1ow Level and High Level Stock
Solutiod into an electroplating cell (usually process duplicate aliquots).
Add 1/2 ml HCI.

Add 1| drop methyl red indicator. Add NH OH dropwise until the
indicator shows the solution to be basic (yellow). Add 2N HCl dropwise
until the soluqaon is just acid. Add 1 drop in excess.

Place the sample on the Sargent-Slomin electroplater. Adjust the
platinum anode (note a) to approximately 1/4-inch above the platinum
disc (Note b). Plate for 10 minutes at a starting currentof 2.5
amps and about 5 voits. The current may fluctuate during the plating
pericd, Check occasionally and adjust the current to maintain 2.6
amps throughout the plating period.

a, The same platinum anode, glass tower, and washer is used
through three successive platings of a given aliquot.

b. The platinuin disc and anode must be freed of any grease film
by rinsing several times with acetone and alcohol. Write the
sample identification on the -back of the disc. Ignite to red
heat in a Fisher burner flame. The electroplating cell must
be clean and free of any foreign material. Check for leakage
before use.

At the end of the eiectroplating period, add 1 ml NH4OH. Stir for 15
seconds. Turn off the current and stirrer. Remove the anode from
plating solution. .
Immediately transfer the plating solution into a 50-mi beaker. Rinse
the inside of the plating cell three times with water washes. Combine

the washes with the plating solution in the beaker.
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Pu-236 ALPHA TRACER Standardization {2)

6.

7.

8.

9.

10,
11,
12.

by kxhaustive Piating

Dismantle the plating cell and remove the platinum disc. Rinse with

" alcohol and ignite the disc to red heat; cool,

Place sample in a lined and labeled tin box and submit for counting

analysis.

Ev:iporate the solution to approximately 3 ml, Add 3 mi HNO3 and

1 ml HCl. Evaporate to wet dryness. Repeat the HNOy-HCI treat-

ment twice.

Pick up in 1 ml HCI and take to dryness. Do not bake. Rotate the

beaker tc insure complete drynesas. Add 2 ml HCl, boil to 1 ml,and

transfer to the same electroplating cell using a new platinum disc as

the cathode. Rinse the beaker with two 1/2-ml HCl washes and one

1/2-mi water wash., Transfer each wash to the plating cell (note c).

€. Keep the plating solution at minimum volume during this

transfer and also during the titration.

Repeat steps 2 turough 9 to obtain second plate.

Repeat steps 2 through 7 to obtain third plate.

The three successive platings from each aliquot are counted on a

calibr.a.ted alpha spectrometer. The total Pul3t dpm on each plate

is added to determine the average Pu?3® tracer concentration.

Caliculate the tracer stock concentration as of January 1 of the

current year.
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Pu-236 ALPHA TRACER 7 STANDARDIZATION

Z.

3.

5‘

7'

WITH PU%39 TRACER

Pipet 1 ml each of R.C. Pu?3® Low Level and High Level Stock
Solution and 1| ml each of Puz39 Stock Solution (cw 90 dpm) into two
50-ml beakers. °
Add 10 ml of H,0, 1 ml Con. HCIO4, 2 ml Con. H,SO,, 10 mg Fe
and evaporate to dryness.
Wash the aides of the beaker with HCl and evaporate to near dryness.
Take up in 1-2 ml HCI! and transfer to a 43-mi centrifuge cone with
H,0 and HCl washes, .
Ppt E‘c:(OH)3 with NH, Ol and centrifuge. Wash ppt with H,O containing
a few drops NH_‘OH and centrifuge. Dissolve the Fe(UH)3 in a few
drops H.\‘03 and dilute to 5 ml with 6X\iHNO3. Addmas1/2 mil saturated -
NaBrO; solution.
Warm on hot water bath a few minutes, Saturate the . nlution with
NH‘%NO3 crystals, add 5 ml hexone and stir with a mechanical stirrer
3 min. Repeat hexone extraction twice adding Sat. NaBrO, and more
NH4N03 crystals as necessary.
Wash the hexone phases by stirring with 5 ml 6§ HNO3 for 1 min and
discard the washes. Back extract the Pu with three 5 ml additions
of 0. IN HNO;. Transfer the aqueous phase to a 50-ml glass beaker.,
Evaporate the solution containing the heavy element tracer and activity
to approximately 1 ml. Add 1 ml HNOj and 1 ml HCl, Evaporate to
wet dryness. Repeat the HNO3 - HC1 treatment twice (Note a).

a. Repetition of HC1-HNO; treatment is not necessary for the

piating of uranium.
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Pu-236 ALPHA TRACER Standardization (2)

10,

with Pu®?? Tracer

Pick up in 1 ml HC! and take to dryness. Do not bake., Rotate the beaker
to insure complete dryness. Add 2 ml HCl, boil to 1 ml,and transfer to
a prepared electroplating cell (note b). Rinse the beakex witii two 1/2-ml
HCl washes and one 1/2-ml water wash. Transfer each wash tc the
plating cell (noxw ¢).
b. The platinum disc and anode must be freed of any grease film
by rinsing saveral times with acetone and alcohol. Write the
sample identification on the back of the disc. Ignite to red heat
in a Fisher burner flame. The electroplating cell must be clean
and free of any foreign material. Check for leakage before use.
c. Keep the piating solution at minimum volume during this transfer
and also during the titration.
Add 1 drop methy! red indicator. Add NH,OH dropwise until the
indicator shows the solution to be basic (yellow). Add 2N HCI drop-
wise until the solution is just acid. Add 1 dzop in excess.
Place the sample on the Sargent-Slomin electroplater. Adjust the
anode to not more than 1/ 4 inch above the platinum disc. Piate for
10 to 15 minutes at a starting current of 2.5 amps and about $ volts.
The current may fluctuste during the plating period. Check occasionally
and adjust the curreat to maintain 2.6 amps throughout the plating
period {notes d and e).
d. Fifteen 1ainutes plating time is required for Pa.
¢. Twenty minutes plating time is required for T.P. (Am-Cm)

samples.
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Pu-136 ALPHA TRACER

11.

12.

13.

14.

15,

Stendardization {3)
239 B
with Pu Tracer

At the end of the electroplating paricd, add 1 ml NH,OH. Stir for 15
seconds, Turn off the current and stirrer. Remove the anode from
plating solution.

Immediately transfer the plating solution into the beaker used for

evaporation. Rinse the inside of the plating cell 3 times with water

washes, Combine the washes with the plating solution i the beaker,

Dismantle the plating cell and remove the platinum disc. Rinse with
alcohol and ignite the disc to red heat; cool. Check yield on

laboratory alpha counter before submitting sampile to the counting

Toom.

Place sample in a lined and labeled tin box and submit for counting

analysis.

Determine the Pu2?® 1o Pu238 ng pu?3? ratios by alpha pulse

height analysia. A correction factor for the very small amount
of Pu?38 and Pu?39 added to each sample is determined from this

data.
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APPENDKX D
+- TECKENICAL PAPER FOR HANFORD SYMPOSIUM
AND 9TH ANNUAL MEETING HEALTH PHYSICS
SOCIETY

ROUTINE DETERMINATION OF PLUTONIUM BY TRACER
TECHNIQUES IN LARGE BIOLOGICAL SAMPLES *

by
W. J. Major. R, A, Wessman, R. Melgard, L. Leventhal

Technical Services Division
Tracerladb, A Division of Laboratory for Electronics, Inc.
2030 Wright Avenue
Richmond, California

ABSTRACT

A precision tracer procedure was developed for the rapid anaiyeis
of non-uniformly distributed plutonium in large biological » mples,
Liver, lung, kidney, lymph node, trachea, gasstrointestinal tract,
nasal mucosa, pharyngeal mucosa, bone, urine and {ecee samples from
burros, sheep, and dogs (exposed to plutonium aerosols) were assayed
for plutonium. The chemical procedure consisted of: equilibration of
sample plutonium with z36P~.x tracer, wet ashing by refluxing with
HZSO‘& and a catalyst; extraction of plutonium from bulk salts with cup-
ferron~-chloroform; purification with ion-exchange resins; and slectro-
deposition on platinum. These procedures minimised the requisite
volume of acids and avoided the violent exothermic reactions of some
wet ashing procedures. Problems associated with dry ashing,such as
loss of the radiocisotupe by entrainment in solid carbon particles, and
formation of insoluble oxides of plutonium,were avoided. Also, the

need {nr the large ashing furnaces was obviated.

* This report is based on work performed under Contract DA-49-146-XZ-
192, Mod 4, between the Defense Atomic Support Agency and Tracerlab,
A Division of Laboratory for Electronics, Inc.
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Measurement of the plutonium content wae accomplished by tracer
viglding and alpha pulse-height analysis. This method ensured a high
degree of accuracy, high senusitivity, and freedom {rom interference
from other alpha emitters, A typicsl chemical yield was 55%, and
the counting precision was within 3%, Limite of detection were
approximately 0.05 dpm for a thousand-minute count,

INTRODUCTION

Procedures for the determination of picocurie amounts of
plutoniam in biological materials arw abundant in the litersture.
Inherent drawbacks to these procedures are: procedures are
limited to specific types and amounts of samples; dissolution and
purification losses are erratic,usually requiring calibration of

{(Reference 9)
chemista/ ; and the chemical procedure must often de revised for

(Reference 10) 237
each sample. Waeice and Shipman/ have used Pu tracer to

(Refarepce 11)
follow procedural steps in urinalysis, Painter / hrs used ZSGP“

tracer to follow activity distribution in dogs. In neither case,
however, was the tracer used to yield ancther isgtops of plutonium,
Attempts to minimise plutonium losses sometimec reosult ina

product which containe interfering alpha emitters sucn ae the

z“Am daughter of z“?u. present in many plutonium samples,
(Reference 12)

Hollstein / mentions contar:!nation from uranium and Weies and

“z'rh. z:’BU. 231?&. and z”Np contamination in

(Refe 13)
urinie samplas, Other workers such as Sanders and Leidt / have

Shipman mention

expressed dissatisfaction with processing mathods, Kooi and
(Reference 14)

Hollstein/ were dissatisfied with erratic plutonium recovery and

the inapplicability of available procedures to water containing large

concentrations of iron or calcium.

236

By means of a Pu tracer technique, we have successfully

determined sub micro amounts of piutonium in nuclear debris,
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atmonpheric filters, soil, dry fallout, rainweater, {ood, envircamental
sampies,and neutron~activated materials for the past tweive yesrs,

in this procedure a known quantity of 23‘:'Pu 18 equilibrated with
sampie plutonium,and 236N as well as the heavier plutonium

isotopes are later detzrminad by alpha spectrometry. Positive
identificat:on of all isotopes and an accurate correction for procsse-
sing losses are assured. The method is adaptable to most samples
containing plutonium, since 2'36?\1 is usuaily abeent.

This tracer method has been combined with an appropriate
biocassay procedure for routine determination of non-uniformly
distributed plutonium in large biological sampies. In a recent
program burros, sheep, and dogs were exposed to plutonium aerocols
to simulate uptake, deposition, retention,and translocation of plutpnium
in humans exposed to plutonium aerosols from a non-nuclear
detonation. Over 600 liver, lung, kidney, lymph node, trachea,
gastrointestinal tract, nasal mucosa, pharyngeal mucosa, bone,
urine,and feces sampies irom the animais were analyzed by our iab for
plutonium content. These samples ranged from a few ounces to

239, 240

15 pounds and contained from 0 to 60,00dpm of Pu,

EXPERIMENTAL

Preparation of 236Pu Tracer

The 236Pu tracer was prepared in a cyclotron irradiation and

239,240

238

chemically purified at Tracerlab. No measureable Pu or Pu

was apparent after purification. Both exhaustive electrodeposition and

isotopic dilution methocds were used to standardixe the tracer,

In exhaustive electrodeposition, four aliquots were withdrawn from

the purified stock and the tracer electrodeposited on a platinum disc.
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The plates were counted without collimators in our Friech grid chambere
and tracer activity corrected for chamber counting efficiency. Electro-
deposition and counting were repcated on the pleting supsrnate until a
plate relatively free of activity was obtained. Three platinge were usually
required. Summation of the electrodepositions gave the tracer concentration,
In ieotopic dilution a spike of National Bureau of Standarde 239, z‘oPu
stock solution® (99, 97% purc) wae added, for yielding, to nine aliquots
of the purified zaéPu stock solution, The spike and tracer were equili-
brated by evaporation with H;SOq and HC1Qq and isclated by the procedure
described below. The plated eamples were counted and the néPu concentra-
tion calculated after 239Pu yielding.
Exhaustive electrodeposition gave an average concentration of
25.0 20, 38 dpm/ml 236?\1 lor the four aliquots. leotopic diiution gave
an average 25, 7 £ 0. 26 dpm/ml for the nine aliquots. Experience has

shown that the first method is susceptible to low results due to sequential

handling losses, Thie point has been confirmed by standardization
of the tracer using a combination of both techniguer on ths same aliquots
of tracer.

S:.fn ole Diuo}ution

The choice of dry or wet ashing is often a matter of personal pre-
(Reference 15)
ference or of facilities available. Comar / discusses the relative
(Reference 16)
merits of each ind usually favors dry ashing. Greenberg / recom-

mends the convenience of dry ashiug. Wet-versus-dry ashing was

#An analysis of the NBS standard (listed as 99,97% pure) on our Mase
Spectrometer gave the following isotopic composition: 94, 386 weight T

‘39Pu; 5,271 waeight Ye Z40Pua and 0, 343 weight 7 Zilpu' The 2391’“.
240

Pu alpha disintegration rate of the solution was calculated from this
data,
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experimentaily compared. Dry ashing renulted in losses from spatter-
ing and physical entrainment of plutonium in solid carbon particles, It
was assumed the greatest losses would occur in samples having high
organic=to-~ash ratice, such as soft tissues, Losees from the formation
of difficultly solubls compounds of plutonium at high aehing temperaturcs
: (Reference 17) .
were also suspected. Toribara and Predmore / found urine, bone, and
soft<tissue ash readily soluble in strong HCl, while fecal and food ash
contained a difficultly soluble reeidue which sometimes trapped 977%
¢i{ the plutonium, requiring a drastic leaching and fusion for dissolution,
In dry ashing;sample plutonium and tracer cannot be equilibrated
until after the ashing process; and losses occurring at this stage result
in inaccurate sample yielding. Wet ashing of tissue and fluid samples
i, the presence of 236?\1 tracer was tried and gave the desired results.
The procedure, and adaption of the Kjeldahl method, utilized the oxidizing
power of concentrated sulfuric acid, a mercury catalyst, and refluxing at
high temperatures, The apparatus consisted simply of large beakers covered
witn inverted funnels (Figure D.1). Unaccountable samplie plutenium losses
were elimninzted by addition of the tracer at the start. Equilibration of
sample plutonium and tracer was assured by dissolution of the sample
in the strongly oxidizing media, Reguisite volumes of acids and
violent exothermic reactions of some wet ashing procedures were
minimized. Alfter a clear solution was obtained, the excess acid was
evaporated,
Bone samples were dry ashed since they have a low organic—to—
ash ratioyand the ash serves as a carrier to preveat loss of plutonium
during high-temperature ashing, The bone ash was easily removad
from the ashing container by acid dissolution and then equilibrated

with plutonium tracer.
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Plutonium lsolation

The residue from wet ashing usually contained large amounts of
anorganic salts. Most of the bulk salte were sveparated by extracting
the plutonium, reduced to the trivalent state with hydroxlamine hydro-
chioride, into » cupferron-chloroform solution. The extraction was a

(Reference 9)
scaled-up version of the method outlined by Beaufait and Luxens/

(Reference 18)
and Langham./ The residual saits were {urther reduced by co-
precipitation of plutonium with F'c:(OH)3 from a hot basic carbonate
solution and then from an ammoniacal sclution.

The plutonium was separated from iron and tracze of other
metaliic ione by ion-exchange resin-abso: ption an+ siviiua wati

(Referenge 19)

HCI-NH,I. The eluent wae evaporated to low volume and treated
with HNOJ. KSl04, and HCI to remove iodine and residuai . csin

particles, If a residue persisted, the sample was recycled through
the chemistry procedure, as a visible residue at this point would
result in a dirty plate in the procedure below,

A rapid electrodeposition procedure reported b;nlev{iet?:ecﬁ 50)
was used to obtain fiom the ciear solution a weightless, invieible deposit
of plutoniurm on a platinum disc with a plating time of 10 minutes, The
disc waa 5 mils thick ,with a mirror {inish, pre-cutto 2,2 ¢m in diamater.
The electrodeposition cell, designed by cur laboratory, limited the
plating solution exposure to the glass tower, teflon gasket,and platinum
disc.

Sequential outlines of the sample processing are given (Figures D.2 and

D.3, and a detailed chernical procedure is appended.

Activity Measurements

Each electrodeposited plutonium sample was counted on an zlpha
pulse-height analyzex. For this purpose, the outputs from four
Frisch grid chambers (Tracerlab Model RLD-1) were connected
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to one muiti-channel analyzer (Technical Measurements Corp., Model
CN-110) by dividing the full range of 256 channels into quadrants of
o4 channels each.

The chamber was calibrated for alpha energy using a multi-peak

239 Z 23

alpha source containing “Am. and 6Pu {Tracerlab

Py,
R-37 Alpha Spectrometer Kit). The calibration was made immediately
before and after each sample was counted. This provided s cheek for
instrument drift during the sample counting interval. The instrument
controls were adjusted so that the 64 channels covered an energy
range of 4.5 to 6,0 Mev, This range included the isotope enargies

2
0:23%Pu (5. 14 Mev), 24%u (5. 16 Mev), 23° 36pu

Pu (5.49 Mev)’ and
{5.75 Mev). The amplifier gain setting gave a scale factor of 37 Kev
per channcl. Each isotope present was registered over a spread of
approximatcly ten channels.

A disposable metal collimating ring, surrounding each sample
disc, was used with each sample to preclude the couanting of degraded
alpha particles, Some loss in counting efficiency resulted but was off-
set by improved peak contours and distinct a¢paration of alpha energy
pcaks. The resolution (full width at half-maximum) of. the four Frisch
Grid chambers, including disc collimation, was 0.88% at 5.15 Mev.

The alpha peak counting efficiency was approximately 35.%.

The counting time for an unknown sample was: dete:imined by
the isotope having the lowest activity. If activity levels permitted, the
lowest activity peak was counted to a standard error of withia 3%.

The maxirnum counting time for any sample was limited to 1000 min-

utes.,

0
Calculation of 239, 24 Pu

The results of the alpha pulse-height analyses are preseuted on

printedtape. A graphical plot of a typical spectrum for a tiseue con-
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taining a modcrate amount of z”Pu is illustrated in Fagure D.4. The

cavrgy calibration line was calculated frem the pre-and postcounting
encrgoy calibrations of the counting chamber, A summation was made
of counts under each isotope peak present, These counts were cor-
rected for low energy tail, background, peak resolution, and instru-

ment draft, The plutonium coatent of the sample was c. lculated by:

239, 240 236
239, 240Pu dpm - counts - Pu x dpm Pu

counts Pu

z”?u and z‘oPu could not be calculated separately se their alpha

energics were too close to resolve with a Friech-Grid Chamber,

The counting efficiency of each Frisch-Crid Chamber was mes-
sured, using a high precision alpha standard, and it wae not necssesary
to calculate a yield to determine the piutonium content. Howevaer,
the yield was usually determincd as a quality control measure in
order to assess the efficiency of the chemistry procedure,

Quality Control

The bioclogical specimens, received in the form of frozen samples
sealed in plastic bages, were etored in 2 walk-in freezer prior to
processing. Samples were analyzed in a low-le;cl radiochemical
laboratery to prevent contamination from outside sources and
processed with adequate spacing using all new glassware to prevent
cross-contamination. The few samples which were expected to be
higher in plutonium content, by virtue of their. éxpoo\'si-e, were procesesd

separately.
?

All reagents were made up fresh and analyzed for any laboratory
blank. Simulated samples (prepared by adding a 236}.,“ spike to a matrix
similar to the animal specimens) were anaiyzed to check on procedures.

The laboratory blanks were effectively 't?ackground. For an optimumn
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sample counting time of 1,000 minutes, the blanks were found to be in
the region of 0. 05 dpm which is the limit of detection for the instrumasnt,
Alfictivity measurements were performed in an isolated and

controlled area. The background count rate and counting efficiency of

219, 240

each Frisch-Grid Chamber wae checked periodically, In the Pu

energy region, the background count was approximately 0. 031 cpm.

RESULTS

Based on the samples analyzed, the reflux wet ashing-tracer pro-
cedure has been found to be succesaful. It was moderately time-conauming
and expensive, however Ordinarily 3 to 5 days were required to dissoive
16 to 20 large tissue samples. A combination of .40, HzSO4. fuming-HNO
and HCIQ& dissolutions in open beakers was substituted for .maﬁf?mixzel-./

A tabulation of radiochemical yields are listed in Table D.1. Generally,
samples 0.1 to 4 ounces and 4 to 14 ounces averaged 55% and 48%1
respectively., Samples 1 to 9 pounds averaged approximately 50%.
Yields from samples up to 15 pounds are still to be determined. Averages
reported include some low yield samples which werc processed beiore
our procedures had been fully developed. Recent data show improved

yields in all sample categories,

The use of tracer did not lessen the difficulties of recovering such
minute amounts as 0.1 dpm (7 x 10'13 grame) of plutonjum from pounds
of material. Losses of sample plutoniurn are always a possibility, bat with
addition of tracer, these losaes are positively known. Thus, if the
entire sample was lost due to undetected processing irregularities,
the sample was reported as lost and not as zero dpm of plutoanium.

The sample activities measured in thia program are not germane

to this paper, since samples came from both exposed and unexposed
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animals, Some animal organs were found to contain levels of plutonium
below our limits of detectionjwhich is nominally 0,05 dpm, The lowest
samples showed activity from 0.05 to 0, 10 dpm.

Variations in yields introduced no special problems since each
sample wags individually yielded. However, 50 to 70% was considered
moast desirable for obtaining optimum senwsitivity. The {luctuations in
yields emphasize the inaccuracies which would have resulted had the
work been done without tracer. Also, in retrospect, an adequate
tracer-free plutonium assay procedure would have been very

difficult to develop.
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3.

4.

S.

CHEMICAL PROCEDURE

Remove the {rozen sample from its polyethylene bag and allow it
to thaw for & few minutes under a heat lamp. 1f the sample shape
or size is such that it will not {it in the bottom half of a four-
liter beaker, cut the sample into appropriate sections and place
each section in a separate baaker. Rinse the plastic bag with
HNOj3 and add the washings to the beaker.

Add enough HZSO4 to completely cover the sample. Pipat an
appropriate amount of 236Pu tracer {within a factor of five of

the expected sample activity but & minimum of 15 dpm) into each
beaker and add approximately 5 gzame K50, and 2 to 3 drops Hg
metal. Spray the sample with Dow-Corning Antifoam A silicone
defoamer.

Attach the stem of an inverted é-inch funnel to a ring stand and
clamp and lower the funnel mouth intc the beakes, Secure a few
inches above the sample.

Digest the sample gently with low hsat until 2 hiack tarry mixture
is obtzined. Increase the heat gradually and reflux until the
mixture is a clear solution, The tarry mixture will turn to a
black jelly, a black liquid, a red liquid, and finally, a clear
solution. Raise or lower the funnel during dissclution to control
the reflux action. Wash down any carbonacecus material on the
beaker and funnel walls with HzSO‘.

Evaporate the H,50, until salts start forming. Remove the
funnel and add HN03 cautiously to cool the solution. If the
sample had been divided into sections for the dissolution, combine
the sections into one beaker and evaporate to low volume. Cool

and tranafer the sample with water to a large polyethiene bottle
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S

8.

10,

11,

or a 2-liter acid bottle. Dilute to spproximately 500 ml.

Add 10 ml sat. NH,OH- HCI to the diluted sample and about 50 ml
CHCly. Stir with a mechanical stirrer for 1 minute at high speed.
Add 75 to 100 ml 6% aqueous solution of cupferron and etir again

at high speed for 5 minutes.

Transfer the mixture into four 250-ml polyethlene bottles and
centrifuge to separate the phases. Transfer the Cl"lCl3 extracts
with a tranefer pipet to a 400-ml beaker taking care not to

disturb the interfaces. Repeat the extraction, without addition

of more cupferron, until the CHCl; phases are colorless.

Boil the CHCl, collections to low volume (approxirmately 3 ml) and
allow contents to cool, Rinse down the sides of the beaker with
HNO3 and boil to approximately 3 ml. Rinse the sides with fumning
nitric and boil down again (avoid dryness), Add 10 ml tuming
nitric and 25-30 ml HCIO,. Cautiously heat until an exothermic
HCIO,4 reaction begins, Remove the beaker from the Fot plate
and allow the rsaction to go to completion,

Fume the HC10O4 to low volurne. Cool the solution and transfer
with water washes to a 40-ml centrifuge cone.

Add 10 mg Fe unless the sample is known to contain that

much or more. Add 19N NaOH until the solution is basic to
precipitate metal ions. Add 5 ml eat. N12C03 solution and digest
the precipitate in a hot water bath for 10 minutes. Centrifuge and
decant the supernate to waste. Dissolve the precipitate in HNO,
and dilute to approximately 30 ml.

Make the solution basic with NH,OH and digest the precipitate

in a hot water bath for 10 minutes. Centrifuge and decant the
supernate to waste. Wash the precipitate twice with 10~m!l portions

of H,O containing 1 drop NH,OH.
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12,

13

14.

15.

16,

17.

Dissolve the precipitate in & minimum of HNC4 and add 10 ml

6N HNO,.

Prepare a 100 to 200 mesh Dowex 1<X 10 reesin column by adding

approximately 1 /2 inch of resin to a tubulated giase column,

12 mm 1.D, and 85 mm in length, containing a Dacron wool

plug at the bottomi. Insert another plug t the top and pre~condition

the column with 40 ml 6N HNOj.

Pour the solution from step 12 onto the column. Wash the centrifuge

tube with 20 ml 6N HNOs. followaed by 20 ml HC) and add the

washings to the column.

Allow the column to drain and ¢lute the plutoniurn into a 50-ml

beaker with 30 ml of freshly prepared HCI-NH‘I (approximately 50 mg

NH,1 per 30 ml HCl).

Fivaporate the eluate to approximately 5 ml and add 5 ml HNO, to

destroy I°. Add 3 ml HCIO‘ and evaporate to wet dryness.

Take up the residue in | ml HCl and evaporate to dryness. Do not

bake. Rotate the beaker to insure complete dryness. Add 2 ml

HC!, boil to | ml =nd transfes t¢ = propared slsetreplating csll

(note a). Rinse the beaker with two 1/2-ml HCl washes and one

1/2-ml water wash. Tranafer each wash 2o the plating cell (note b).

a. The platinum disc and anode must be freed of any grrase film
by rinsing several times with acetone and alcohol. Write the
sample identification on the back of the disc. Ignite to red
heat in a Fisher burner flame. Tha slectroplating ceil must
be clean and free of any foreign material., Check for leakage
before use,

b. Keep the plating solution at minimum volume during this

transfer and also during the titration.
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18.

19.

20,

21,

22,

23,

Add drop mathyl red indicator. Add NH OH dropwise until the
indicator shows the solution to bs basic (yellow). Add ZN HCI
dropwise until the solution is just acid, Add 1 drop in excees.
Place the sample on a Sargent-Slomin electrolytic analyser,
Adjust the rotating anode to approximately 1/4 inch above the
platinum disc. Plate for 10 minutes at a starting current of

2.5 amp and approximately 5 volts. The current may fluctuate
during the plating period. Check occasionally and adjust the
current to maintain 2.6 amp throughout the plating operation.
At the end of the electroplating period, =da 1 ml NH4OH. Stir
for 15 seconds. Turn off the current and stirrer, Remova the
anode {rom the plating solution.

Immediately transier the plating solution into the beaker used

for evaporation. Rinse the inside of the plating cell 3 timen

with water washes. Combine the washes with the plating solution
in the beaker.

Dismantle the plating cell and remove the platinum disc. Rinee
with alcohol and ignite the disc to red heat.

Place disc in a lined and labeled tin box and submit for alpha pulse

height analysis,
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TADLE D.1

_EFFECT OF SAMPLE SIZE ON PU RECOVERY

Sampie

Tissue *

Number Pu Pu

Weigat of Recovery Recovery
Range Samples Range Average
Ounces ' % "
0.2- 0.3 Hilar Node (D) 12 44-74 61
0.3- 0.4 Hilar Nade (S) 9 21-62 43
0.2- 0,9 Hilar Node (B) 12 33-77 60
0.4- 0,8 Phar, Mucosa (D) 15 37-7% 63
0.7- 0.8 Nasal Mucosa (D) 2 50-79 65
1.1- 1,6 Trachea (D) 9 39-85 58
l.4- 2,3 Kidney (D) 14 24-88 51
1, 7- 3,2 Phar. Mucosa (B) 6 32-68 49
2.4- 3,6 Lungs (D) 9 28-64 49
3.3- 4.0 Kidney (S) 6 40-72 55
4. 8- 6,4 Liver (S) 17 26-80 47
5 3= 8,5 Conirois 26 24-14 52
6,1- 7,3 Bone \S) 18 24-69 42
7. 8-14, Liver (D) 10 30-77 50
Pounda % %
0.9- 1,1 Trachea (B) 5 42-70°° 56
1.0~ 2,5 Kidney (B) 16 21-80 49
1.9- 3,3 Bone (B) 24 23-75 54
3,6-10.2 Lung (B) 3 34-75 52
4.4~ 8,9 Liver (B) 10 31-57 48

TOTAL 223 21-88 52
% D =sDog, S *Sheep, B = Burro
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{Tracertiab photo)

Flgure D.1 ReMux apparatus for blological sample.




Frozen Sample

Thaw

Section

H8Q

Tracer

Diss. K SQ, (Solid)

Hg metal catalyst
Defoarner

Digest with heat
Reflux

——— ) Crganic Matter
Clear Solution

Evaporate to salts

HNO,

, Combine aections

Sep n. Transfer to large polyethlene bottle
Satd. NH;OH * HCI1

CHCly = Cupferron extraction

Repeat extraction « Tranefer to beaker

Insoluble Saltse

~

J

Metal Ions in Organic Extractant

Evaporate to low volume

HNO, and {-HNOy : evaporatione
HC1Qy -~ exothermic reaction

H;O -~ Transfer to centrifuge cone

Organic Extractan:

A 4

~

Meta! Ions in Aqueous Solution
Fe'?

i9N NaQH

Satd. NaCO,

Uranium Carbonate Comple:

~

7
Metal Hydrpxide- and Carbonates

HNO,

NH,OH

g - > Soluble Salts
N

-

etal Hydroxides and Carbonates

6N HNO,

Dowex 1-X10 Resin column

6N HNO, - HCl

HC1 -~ NH,I elution

b= - > Metal Complexes
Pu*" ¢

Figure D.2 Chemical dissolution, separation, and puriffcation
sequential scheme.
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Putd e

Evaporate to low volume
HNO, and HCIO,
Evaporate to wet drynese
HCl

Fvaporate to dryness
HCl, evaporate to Iml

\L' Transfer to electroplating cell containing platinum diec

Pu'd4 in plating cell

Methyl Red Indicator

NH,DOH

ZN HC1 - ph adjuciment

Trane' . onto an 2lectrolytic analyser

N

Cell 'n electrolytic analyser

Anode adjustment - 1/4 inch above diec
Current ~ 2, 5 amps., 5 volty

Plate 10 - 20 minutes

NH,OH

Remove anode

Hzo wash

Removae platinum disc

EtOH

Ignite

Puly

Figure D.3 Plutonium electroplating sequential scheme.
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APPENDIX E

DATA TABLES FOR PUM, pul¥t AND URANIUM (UGy)
IN PHYSICAL, BIOLOGICAL. TRACER, AND

TLW Anal, Desig,
cCD

CCF
CAD
CAF

CTA

QUALITY CONTROL SAMPLES

KEY TO PHYSICAL SAMPLE TYPE

Sampie Jype,
Casella Disc
Casella Filter
Andersen Disc
Andersen Pm:nr
Total Air Sample

Total Air Sample
Disposable

Sequeniial Air Sampie
Deposition Sample

Soll Samples (Quality
Control)

Water Samples
Aluminum Collectors
Vegetation (Sagebrush)
Sodl Fractions

Balloon Wire Swipes
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RSB

RSK
RSL
RSR
RSH
RST
RSS

RSN
RSU

RSF

KEY TO BIOLOGICAL SAMPLE TYPE

Sample Type

Dog Bone

Kidney

Liver

Lung

Hilar Node

Trachea

G.I, Tract
Fharyngeal Mucosa

Nasal Mucosa

Sheep Bone
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Kidney

Liver

Lung

Hilar Node
Trachea

G.L Tract
Nasal Mucosa
Utine

Feces




et ae IR \pp, s e WO

R TR ]

KEY TO BIOLOGICAL SAMPLE TYPE (2)

ILW Az:l, Design,

RBB
RBK
RBL
RBR
RBH
RBT
RBS
RBP

RBN

Sample Type

Burro Bone
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Kidney

Liver

Lung

Hilar Node

Trachea

G.I. Tract
Pharyngeal Mucosa

Nasal Mucosa
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APPENDIX F
EQUIPMENT AND PLOT OF TYPICAL SPECTRUM
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Figure F.2 Frisch-grid chambers. (Tracerlab photo)
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